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Background

Food plays a dual role in promoting human health and environmental sustainability. Yet, current food systems jeopardize both. Food waste poses a major global challenge due to its significant economic, social, and environmental impacts. Healthcare facilities generate the largest amounts of food waste compared to other forms of catering provision. Food waste correlates with environmental unsustainability and diminished patient satisfaction, compounding the prevalent challenge of hospital malnutrition and contributing to suboptimal patient outcomes.





Materials and methods

In a three-year interventional study (2020-2022) at a psychiatric tertiary care center, we assessed and mitigated food waste using evidence-based measures. We conducted systematic food wastage audits over three years (2020-2022) in May and June, each lasting four weeks. Costs were analyzed comprehensively, covering food, staff, infrastructure, and disposal. Environmental impact was assessed using Umweltbelastungspunkte (UBP) and CO2e/kg emissions, alongside water usage (H2O - l/kg).





Results

Economic losses due to food wastage were substantial, primarily from untouched plates and partially consumed dinners, prompting meal planning adjustments. Despite a >3% increase in meals served, both food waste mass and costs decreased by nearly 6%. Environmental impact indicators showed a reduction >20%. Vegetables, salad, and fruits constituted a significant portion of waste. Overproduction minimally contributed to waste, validating portion control efficacy.





Conclusion

Our study highlights significant economic and environmental losses due to hospital food waste, emphasizing the importance of resource efficiency. The strategies outlined offer promising avenues for enhanced efficiency. The decrease in food waste observed over the three-year period underscores the potential for improvement.
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Highlights

	Our manuscript addresses a critical yet understudied aspect within psychiatric care—the impact of food wastage on patients in a large psychiatric tertiary care center. As part of the Swiss United Against Food Waste Initiative, our three-year study (2020-2022) delves into evidence-based interventions to assess and mitigate food wastage. Our findings reveal significant economic losses tied to untouched and partially consumed dinners, with implications for patient satisfaction and resource strain in psychiatric settings.

	Despite the unique challenges in psychiatric care, our interventions led to a nearly 6% reduction in both the mass of food waste and associated costs, even with a >3% increase in meals served. Environmental impact indicators demonstrated a noteworthy reduction exceeding 20%, aligning with the broader goals of sustainability in healthcare. Specifically, within the psychiatric context, our research sheds light on the challenges of food waste. The study emphasizes the importance of tailoring interventions to psychiatric settings, where considerations of patient preferences and therapeutic environments play a crucial role.






1 Background

Food can promote human health and contribute to environmental sustainability. Unfortunately, current food systems endanger both of these vital aspects (1). The United Nations Environment Programme (UNEP) defines ‘food waste’ as “food and its inedible parts removed from the human food supply chain” (2). Food waste is a prevalent issue across various societal domains and poses a substantial hurdle to the achievement of nutritional, economic, and sustainability objectives on a global scale (3). Food waste permeates the entire food supply chain, spanning from agricultural production and processing to distribution and consumption by the end user (4). Food waste within the food services industry has been labeled as an “unsustainability hotspot” (5). Food wastage represents a market failure, leading to the disposal of over US$1 trillion worth of food annually. Globally, one-third of food produced for human consumption is lost or wasted, totaling around 1.3 billion tons annually, valued at approximately US$1 trillion (6). It is estimated that food waste will increase by 33% by 2030, reaching 2.1 billion tons (7). Evidence shows that the 1/3 ratio of waste to production persists across both developed and underdeveloped countries, albeit with variations in the stages where losses are more pronounced. In developed nations, waste is more significant in the final stages of consumption, whereas in underdeveloped countries, it is prevalent during production and transportation (7). Throughout the EU27, food waste represents a growing concern, mounting to 89 million tons per year, corresponding to 180 kilograms (kg) per capita (8). Disposing of food waste in landfills generates significant amounts of methane and carbon dioxide, potent greenhouse gases that contribute to global warming (9). Food waste is therefore a serious environmental failure, contributing to an estimated 6-10% of global greenhouse gas emissions and utilizing nearly 30% of the world’s agricultural land (2, 10). The Swiss Federal Office for the Environment estimates that 25% of the environmental impact of the food supply system results from food waste (11). Food loss and waste constitute a significant component of agriculture’s impact on climate change, contributing to an annual release of 3.3 billion tons of carbon dioxide equivalent (CO2-eq) emissions (12). While food waste occurs on a large scale, up to 783 million people face hunger annually, and 150 million children under five suffer from stunted growth due to chronic malnutrition Thus, food waste also represents a lamentable human failure. Consequently, the prevention of food waste emerges as an utmost priority (13). The research concerning food waste holds paramount importance, evident in the increasing volume of reports and scholarly articles available online and within scientific journals (14).

Globally, nearly one billion metric tons of food waste were generated in 2019, with households contributing 570 million metric tons, comprising 61% of the total. Approximately a quarter originated from food services (including school and corporate canteens and hospitals), and 13% from retail (15). In the EU in 2021, an average of 131 kg of food per inhabitant was wasted, totaling 58.4 million tons of food waste, encompassing both edible and inedible parts. Household food waste constituted the largest share among all economic groups, accounting for 54% of the total food waste, equivalent to 70 kg per inhabitant. The remaining 46% was generated upstream in the food supply chain: 21% from food products and beverage manufacturing (28 kg), 9% from restaurants and food services (including hospital catering; 12 kg), 9% from primary production (11 kg), and 7% from retail (9 kg) (16).

Large facilities such as hospitals wield significant influence in the food system owing to their substantial purchasing power, resource consumption, and waste generation (17). Hospitals bear a duty to integrate human health and environmental concerns, yet historically, food waste within hospital settings has exceeded that of other sectors within the food supply chain (18). The proportion of food waste within the overall waste output of hospitals appears to have remained stable over time. Both older and more recent studies from diverse healthcare systems suggest that up to 50% of total hospital waste comprises food waste, encompassing both organic non-edible materials (e.g., vegetable peelings and bones) and edible food suitable for human consumption (e.g., leftover meals) generated daily by patients, healthcare workers, and visitors (19, 20). In 2013, healthcare was estimated to account for 9.8% of greenhouse gas emissions in the United States (21). Addressing food waste poses a significant challenge for hospitals, as they must simultaneously meet environmental goals such as reducing carbon emissions and minimizing food waste while operating within budgetary constraints, fulfilling dietary needs, and ensuring patient satisfaction (5, 17). Obstacles inherent in hospital food service models encompass limitations in accommodating specific therapeutic diets, coping with seasonal ingredient fluctuations, accurately predicting meal demand, adapting food service types, optimizing kitchen layouts, managing prolonged intervals between food procurement and consumption, and addressing issues related to over-provision or incorrect items. Additionally, the hospital environment influences food waste through service disruptions and factors such as patient conditions affecting food consumption (22–25). Plate waste, defined as the uneaten portion of meals left by consumers, attains concerning levels within hospital settings. A meta-analysis comprising 21 studies conducted in Indonesia revealed a median plate waste rate of 27.6%, with an upper range extending up to 88.7% (26).

Observations indicate that over half of the patients are deemed at risk for malnutrition, with nearly 40% already presenting signs of malnourishment (27). Malnutrition in hospitalized patients is a syndrome linked with significantly heightened risks of morbidity, disability, both short-term and long-term mortality, hindered recovery from illness, prolonged hospital stay and increased healthcare costs (28). Unconsumed food in hospitals poses significant risks of malnutrition among inpatients. Reduced oral food intake in hospitalized individuals notably contributes to the decline in nutritional status, which correlates strongly with various outcomes, including complications, length of hospitalization, survival rates, and healthcare expenses (29). A correlation exists between elevated levels of food wastage and reduced intake of energy and protein, consequently exacerbating malnutrition-related concerns within hospital environments (18, 30, 31). A recent review assessing the extent and consequences of hospital food waste in the Eastern Mediterranean Region (EMR), comprising six studies, revealed that the average food waste in the EMR accounts for 25.4% of the total food served. Alarmingly, plate waste from patients diminishes dietary intake, impacts nutritional status, and increases susceptibility to malnutrition (32).

The recent increase in attention to hospital food waste concerns has led to recent systematic reviews assessing food waste in hospital settings. A recent review, synthesizing 19 predominantly retrospective studies on hospital services to improve nutritional intake and reduce food waste, proposed that personalized meal services and efficient room service might enhance nutritional intake while reducing food waste. this underscores the potential for improvement in food supply and waste management within hospital settings, although further prospective and larger-scale studies are warranted (29). Carino et al. conducted a qualitative synthesis of 80 studies examining environmental sustainability throughout every stage of the hospital food supply chain. A significant portion of studies (n=27) explored strategies to enhance consumption and decrease food waste. Consistent findings revealed that comparing bulk trolleys to plated meal delivery resulted in reduced food waste. Several studies investigated room service, each finding statistically significant reductions in food waste. Additionally, both isothermal trolleys and Steamplicity were found to effectively reduce food waste (17). Nevertheless, there were no studies that assessed the environmental impacts of the foods procured and served in hospital settings. This is significant as food waste occurring later in the food supply chain exhibits greater carbon intensity compared to wastage at earlier stages, attributable to the energy and natural resources expended during transportation, processing, and preparation (33). Despite the plethora of studies on waste, the broader environmental ramifications of food waste do not seem to be the primary focus of published research. The systematic review conducted by Cook et al. on the types and characteristics of food-related waste management strategies implemented in hospital food service settings revealed four peer-reviewed and 81 grey literature sources (published outside traditional publishing and distribution channels) (34). The predominance of grey literature underscores a critical deficiency in rigorous peer-reviewed research addressing food waste mitigation in healthcare facilities. The authors deduce that while it is promising to observe some instances of hospitals adopting favorable waste management practices, these occurrences are relatively few. The review highlights that hospitals employ a varied array of strategies to handle their food and food-related waste. Results suggest that composting emerges as the most frequently utilized strategy in practice, despite ranking lower (less preferred) on the food recovery hierarchy (35).

Psychiatric hospitals are specialized facilities offering residential care for individuals with psychiatric disorders. Psychiatric hospitals continue to serve as a cornerstone of psychiatric care, particularly for individuals experiencing severe distress. Despite policy trends advocating for the reallocation of resources from standalone mental hospitals to community-based care, several countries, including France and Germany, expanded their provision of mental hospital beds from 2005 to 2011 (36). Indeed, numerous highly developed countries maintain relatively high rates of psychiatric hospital provision, such as Germany with 0.335, Norway with 0.577, Switzerland with 0.589, and Japan with as many as 8.314 psychiatric hospitals per 100,000 inhabitants (37). Despite their substantial role in the inpatient healthcare sector, to the best of our knowledge, none of the existing studies have investigated hospital food waste management within the framework of inpatient psychiatric care. Individuals with psychiatric disorders represent a vulnerable demographic concerning inadequate access to nutritionally adequate sustenance (38). Risk factors affecting psychiatric patients may include adverse effects of pharmacological treatments, sedentary lifestyle habits, inadequate dietary patterns, insufficient nutritional knowledge and skills as well as the inherent nature of the psychiatric illness itself, which varies according to the phases of the disease (39, 40). However, limited data exist regarding malnutrition in psychiatric populations, with the exception of studies focusing on eating disorders (41). Malnutrition was detected in 42.5% of patients admitted to an acute psychiatric unit (42). Given the critical position of psychiatric hospitals as central hubs of care for vulnerable patients, coupled with their significant impact on the inpatient healthcare landscape, effective management of food waste within these facilities emerges as a pivotal factor. This approach is essential for maintaining economic viability, promoting environmentally sustainable practices, and facilitating optimal patient nutrition to support the healing process. Achieving success in these areas requires a cohesive integration of strategies, ensuring that financial, ecological, and therapeutic considerations align harmoniously. However, as far as current knowledge extends, there has been no published investigation of the food waste burden within specialized mental health institutions, nor an evaluation of the effectiveness of strategies aimed at reducing food waste.

We aim to address this critical knowledge gap by undertaking the first-ever study in Switzerland to investigate the issue of food waste within a prominent psychiatric tertiary care center. Our primary objectives are as follows:

	To quantitatively assess the total volume of food waste generated by our hospital’s meal delivery services.

	To assess the effectiveness of measures targeting food waste reduction over a three-year period, commencing at its inception.

	To discern whether specific Track Units (symptom- and syndrome-based, decentralized units) produce greater quantities of food waste than others.

	To discern the most important sources of food waste in the context of psychiatric inpatient care.

	To delineate the environmental consequences for society and the potential cost-saving opportunities for the hospital’s food service budget.



In pursuit of these objectives, we aim to pinpoint critical areas of concern and propose corrective measures to effectively address the issue of food waste within the domain of psychiatric hospital care. By focusing specifically on psychiatric care, our research aims to shed light on a population often overlooked in discussions of food waste within healthcare facilities. This study is primarily directed towards healthcare administrators, facility managers, and policymakers involved in the management and operation of healthcare facilities. Additionally, it may also be of interest to researchers, dietitians, and environmentalists concerned with improving resource efficiency and sustainability in healthcare settings.




2 Materials and methods

We have adopted a prospective study design to collect data on food waste in our mental health center and have introduced evidence-based strategies to minimize food waste (Figure 1).




Figure 1 | Study design. The blue rectangles represent the periods during which daily food waste measurements were taken. The x-axis indicates the timeline, while the y-axis highlights the interventions implemented to reduce food waste, initiated after the first measurement period.





2.1 Study setting

The University Psychiatric Clinics (Universitäre Psychiatrische Kliniken, UPK) at the University of Basel, Switzerland, delivers psychiatric services to both inpatient and outpatient populations within the city of Basel and its neighboring regions, encompassing approximately 483,000 residents. Throughout the study period, the department maintained a capacity of 277 beds dedicated to inpatient care. Our center is organized in “Track Units”. These units are designed in a symptom- and syndrome-based, decentralized, and modular manner to cater to the patient’s unique stage-specific requirements for their treatment, spanning both inpatient and outpatient sectors (43). Our center provides food catering in various settings. Breakfast on the units is typically served as a buffet, prepared on-site with bulk deliveries. Lunch and dinner are delivered as individual plates. Additionally, in the staff restaurant, food is distributed through a service line, and there is also a salad buffet available.




2.2 Methodological background

On April 6, 2022, the Swiss Federal Council adopted an official action plan with the objective of halving food waste by 2030 compared to 2017. In pursuit of this goal, the federal government, on May 12, 2022, engaged in a cross-sectoral agreement with companies and organizations within the food industry, establishing specific reduction targets (11). Members of United Against Waste have been actively involved in shaping this agreement from its inception. This study adopted the methodological framework established by United Against Waste, an industry alliance within the Swiss food sector (44). It is dedicated to reducing food waste across the entire value chain.




2.3 Food waste quantification

To evaluate the impact of food waste and the effectiveness of measures to address it, we adopted the methodological framework established by the United Against Waste initiative, primarily developed by the Bern University of Applied Sciences (45). During a span of three years (2020, 2021, and 2022), we conducted food wastage measurements over four-week periods in the months of May and June. The results from these measurements were projected to reflect a full year (52 weeks), allowing us to observe trends over a three-year period. To ensure rigorous data collection, a content specialist from the Department of Environmental Protection offered survey input prior to conducting face-to-face interviews with nutrition managers from the selected hospitals. The audits involved the quantification of total food wastage in kg and the subsequent evaluation of associated economic losses in Swiss Francs (CHF). The analysis of the costs incurred by food waste includes a full-cost assessment, which means it considers not only the costs of food but also expenses related to personnel, infrastructure, and disposal. The price lists for food items were developed and consolidated by experts specializing in food waste consultation for gastronomy businesses (45). Raw data were collected using differentiated lists, subdivided for various categories of and individual food groups. The primary data source utilized was the Swiss Consumer Price Index for the corresponding months (46). We executed compositional analysis by sorting and categorizing food waste according to its respective food types. This methodology necessitated visual inspection and manual sorting. To quantify the food waste, we conducted physical weighing of the discarded items subsequent to segregating food waste from other waste streams, such as non-organic materials. This was followed by weighing the collected food waste using scales.




2.4 Quantification of the environmental impact

To gauge the environmental impact, we calculated the “Umweltbelastungspunkte” (UBP) per kg (47). The term “Umweltbelastungspunkte” denotes a recognized concept, often translated as “environmental load points” or occasionally as “ecological scarcity points”. UBPs constitute a methodology for capturing the life cycle assessment of a product. UBPs facilitate the representation of a product’s complex environmental impact in a single figure. They serve as a measure of the overall environmental burden, encompassing 26 types of emissions (e.g., CO2, methane, nitrous oxide, pesticides), the consumption of 8 resources (e.g., land, water), and the generation of hazardous waste. Each emitted substance is assigned an ecological weighting factor, where higher values denote a more hazardous environmental impact. Thus, UBPs provide a more comprehensive measure than the commonly used metrics of carbon dioxide emissions and water usage. In Swiss life cycle assessments, environmental load points serve as a reference metric (48). Furthermore, we computed the standard measure of carbon footprint, represented here as carbon dioxide equivalent emissions per kg (CO2e/kg). This measure signifies, for a given combination and quantity of greenhouse gases, the amount of CO2 needed to produce an equivalent global warming potential when assessed over a specified timeframe, typically 100 years. CO2 emissions are recognized as a crucial environmental indicator, as human CO2 emissions significantly contribute to global warming (49) and also affect the chemical composition of the world’s oceans (50). As an additional metric, we incorporated the water footprint, a concept originally introduced by Arjen Hoekstra, which assesses the extent of water use in relation to consumption by individuals (51). Here, we defined it as the total volume of freshwater use per kg of produced food waste (l/kg). As a reference for the water footprint of various food types, we relied on the data provided by the Water Footprint Network (52).




2.5 Evidence-based measures to reduce food waste

Starting at the commencement of the three-year assessment period, we introduced a range of research-backed strategies aimed at minimizing food waste (Figure 1). These measures include:

	- Communication: We have actively communicated our food waste reduction efforts to staff, patients, and visitors, fostering awareness and garnering support (53).

	- Sustainable Sourcing: Procurement of food from sustainable sources has been a key strategy, aligning with our environmental goals (54).

	- Feedback Loops: Establishing a feedback system where patients and staff can provide input on food quality and preferences has allowed us to tailor our services and minimize waste (55). Feedback on food quality was included in the overall evaluation of the clinic stay, conducted at the end of the process. Patients rated the food quality on a ten-point scale, where 0 indicated “very poor” and 10 indicated “excellent.”

	- Regular Monitoring: By regularly monitoring food waste and setting reduction targets, we have ensured ongoing improvements (54).

	- Kitchen Staff Training: Training kitchen staff in food preparation techniques that maximize yield has been essential.

	- Cook-to-Order: Implementing “cook-to-order” meal systems has significantly reduced overproduction.

	- Collaboration with Nutritionists: The wards worked closely with nutritionists to develop appropriate meal plans, educate staff and patients about nutrition, and address any challenges related to food waste (56).

	- Selling surplus food in the employee cafeteria at half price commences 30 minutes before the restaurant’s closing time.

	- Reduced Portion Sizes: We have reduced portion sizes, with the option for patients with greater needs to order additional servings.






2.6 Statistical analysis

We used descriptive statistics to present counts and percentages, conducted correlation analysis using the Spearman rank test, and generated all statistical analyses and figures using the R statistical programming language (version 4.4.0).





3 Results

The analysis commences with an examination of the food waste burden, delineating its diverse sources and environmental repercussions at the conclusive assessment in 2022. Subsequent sections present a longitudinal evaluation aimed at evaluating the effectiveness of reduction measures implemented from 2020 to 2022, focusing on pivotal indicators.



3.1 Analysis of food waste and in-depth breakdown at the conclusive measurement

In the final evaluation conducted over a span of four weeks (May – June 2022), encompassing the general departments, the private clinic, and the personnel restaurant, the total number of meals provided reached 25,540. This led to the generation of food waste with a total mass of 4,089.49 kg, resulting in an economic loss totaling 98,147.76 CHF.

The category exerting the greatest influence on food waste was Untouched Dinner Plates, contributing 818 kg to the overall waste (Figure 2), representing a 20% share. Conversely, among diverse single food categories, Vegetables, Salad, and Fruits constituted the most substantial portion, accounting for 11.8% of the total waste.




Figure 2 | Food waste per category in kilograms during the last assessment period (2022), extrapolated for an entire year.



Overproduction accounted for a relatively small proportion of food waste, contributing 5.64% to the total waste. Malfunctions such as spoiling or quality issues were negligible, with quality and equipment malfunction each contributing only 0.07% and 0.00%, respectively. The primary reason for food waste was Department Returns, which represented the lion’s share at 92.84% of the total waste.

In the breakdown of food waste sources, patients were the primary contributors, responsible for 3496.6kg (91.71%). Coworkers and visitors together accounted for 299.37kg (7.86%). Kitchen staff contributed 293.53 kg (7.71%).




3.2 Analyzing the ecological footprint of food waste

There are significant variations in food waste quantities (measured in kg) and their corresponding environmental impact metrics across different food categories. Consistent with previous research, the “Fish, Meat, and Protein” category demonstrates the highest potential environmental impact per unit, with 24.80 thousand UBP/kg and 11.59 CO2e/kg. Conversely, the “Vegetables, Salad, and Fruits” category exhibits the highest water footprint per unit, at 170.00 liters per kg. However, no significant correlation was observed between impact per unit and total impact (r=−0.27, p=0.453). This is because serving sizes and the completeness of consumption by patients, as well as the amount of food discarded, must be considered (Figure 3).




Figure 3 | The x-axis displays the calculated Umwelbelastungspunkte (UBP) per unit (kg), while the y-axis shows the actual environmental burden in UBP at our center during the last assessment period, extrapolated for the entire year 2022.



The “Vegetables, Salad, and Fruits” category exhibited the highest percentage share of total mass at 12.1%, followed by the “Soups and Sauces” category at 8.2%. Across all three environmental burden indicators, these two categories were the primary contributors to food waste burdens (Figure 4).




Figure 4 | Environmental burden measured in Umweltbelastungspunkte (UBP), carbon footprint, and water footprint, along with the percentage share of mass by food category. Data was collected over a 4-week period (May to June 2022) and projected for 52 weeks (one year).






3.3 Comparison between measurement periods

The longitudinal analysis was carried out, encompassing the general departments. Throughout the entire assessment period, we observed a decrease in the food waste impact, which suggests that the measures implemented to reduce it were effective: The total food waste in kg was reduced by -5.85%, the average food waste per guest by -8.89%. This remained true even though the total quantity of food served increased by 3.34% (Figure 5).




Figure 5 | (A) Longitudinal assessment of food waste metrics, encompassing mass and cost, in conjunction with meal quantities, across the measurement periods. (B) Percental reduction in the food waste measures comparing the first and last assessment period. These data were collected during a four-week span in May and June of 2020, 2021, and 2022.



In the context of environmental stressors, observations include a considerable decline in UBP per kg, dropping from 32,906.21 to 25,668.98, which amounts to a reduction of 21.99%. Similarly, the measurement for CO2e/kg declined significantly from 12,252.31 to 9,427.01, indicating a 23.06% reduction. Moreover, H2O (water usage) per kg decreased from 632,945.50 to 497,587.90, marking a 21.39% reduction. These results suggest a noteworthy improvement in environmental sustainability, with reduced resource consumption and emissions (Figure 6).




Figure 6 | (A) Longitudinal evaluation of environmental burden related to food waste metrics over successive measurement intervals. (B) Percental reduction in the food waste measures comparing the first and last assessment period. These data were obtained over a four-week timeframe spanning May and June of 2020, 2021, and 2022.






3.4 Longitudinal comparison between food items and track units

In our longitudinal analysis of various food categories, notable improvements were observed in the reduction of food waste, particularly for Meat - Fish - Protein (including Stews, etc.) and Milk and Dairy Products, indicating effective waste reduction measures for these environmentally concerning food types. Conversely, a significant increase in waste was observed for packaged foods, accompanied by an overall rise in the number of returned untouched trays (Figure 7A).




Figure 7 | The percentage change in food waste mass is examined across two dimensions: (A) various food categories and (B) distinct departments.



During our examination of food waste patterns throughout the observation period, we observed that the highest initial burden of food waste was evident in the areas of forensic psychiatry, addictive disorders, and psychotic disorders. The most substantial reduction in food waste occurred in the central reception and the center for psychotic disorders, whereas the most significant increase was observed in the center for psychotherapy and the center for affective disorders (Figure 7B).





4 Discussion

Practically all discarded food in hospital settings is currently disposed of, with minimal composting or recycling efforts (57). This leads to the generation of costly organic waste that, when deposited in landfills, generates methane, a potent greenhouse gas (58, 59). Additionally, the surplus food wastage may negatively impact patient satisfaction, as patients often express distress over the significant volume of food being discarded (60, 61). As a result of these compelling factors, the reduction of food waste has become a top priority in hospital foodservice management (62). In our healthcare facility, the issue of food waste has emerged as a significant concern, impacting both economic and environmental aspects of our operations.

One of the salient findings of our research is the substantial economic loss associated with food waste in our hospital. The financial implications of such wastage are a critical consideration, particularly in healthcare settings where resources are often stretched thin (25). Among the noteworthy sources of food waste, untouched dinner plates and the return of partially consumed dinners have emerged as prominent concerns. The issue demands a detailed evaluation of dinner offerings and potential adjustments to meal planning and serving protocols. We propose three potential explanations for this finding. Firstly, certain patients may have engaged in dining activities with their families or friends as part of home-based training during the course of treatment. Secondly, dietary preferences, particularly a tendency towards refined carbohydrates, higher total fat alongside high carbohydrate consumption, and high sodium (commonly associated with fast food), as observed in individuals with psychotic and bipolar disorders (63, 64), could contribute to a higher proportion of meals being consumed outside the hospital setting, particularly during evenings when no daytime therapeutic activities are provided. Finally, the act of missing meals, which can be a symptom of an underlying condition such as depression, anxiety, or circadian misalignment, may also contribute to or worsen the trend we have observed (65). Our assessment reveals that vegetables, salad, and fruits constituted the largest proportion of food waste total mass and alongside soups and sauces had the highest negative environmental impact. High wastage also affects soups and sauces, which are mostly plant-based. This is a pivotal observation, as vegetables are universally acknowledged as fundamental constituents of healthful dietary patterns (66), and consequently, they play an indispensable role in nourishing patients and supporting their recovery (67). Recently, there has been an initiative to revamp hospital meals to simultaneously enhance nutrition for patients and staff, promote planetary health, and reduce costs (68). In line with recent policy changes and dietary guidelines (1, 69–71), there is a strong advocacy to reduce animal-based foods, particularly meat, and increase plant-based options in hospital menus (68, 72). Several states in the United States, including California and New York, have passed legislation requiring hospitals to offer plant-based options for patients (73, 74). Critics argue that reducing meat consumption and increasing plant-based food intake is crucial because livestock production accounts for approximately 14.5% of global greenhouse gas emissions (75). They also contend that the entire meat production process significantly contributes to breaching several planetary boundaries (76). Additionally, it is emphasized that meat production consumes large volumes of water and energy, accelerating the depletion of natural resources (77). Regarding dietary guidelines for healthcare menu planning, an analysis of guidelines from 85 countries concludes that most are not aligned with global environmental targets, such as the Paris Agreement (78). Research suggests that greenhouse gas emissions originating from animal-based foods are approximately double those emitted by plant-based foods globally. The production of food contributes approximately 17,318 ± 1,675 TgCO2e  yr−1 to global emissions, with 57% attributed to the production of animal-based food (including livestock feed), 29% to plant-based foods, and 14% to other uses (79). Yet, McAuliffe and team have raised concerns about conventional calculation techniques used to derive these figures (80). They advocate for an evaluation method that incorporates nutritional value and factors in the digestibility of essential amino acids. Employing this methodology, the environmental impact of certain animal-derived foods, like beef, has nearly halved. Conversely, the environmental footprint of plant-based products, such as wheat bread, has surged by nearly 60% (80). Food waste is often overlooked when debating the environmental impact of different food items. Nevertheless, it plays a substantial role, contributing to nearly 24% of greenhouse gas emissions and approximately 6% of total global greenhouse gas emissions (10). Wainaina and colleagues’ findings emphasize that the majority of food wastage primarily consists of fruits and vegetables (79%), followed by smaller proportions of meat and fish (8%), pasta and rice (5%), bread and bakery products (6%), and dairy items (2%) (81). As outlined by both the Food and Agriculture Organization (FAO) and existing literature, roughly 40% of fruits and vegetables experience loss between harvest and reaching retail markets. Additionally, post-retail stages witness a further 50% loss in this produce category (82–84). This underscores the importance of considering not just the environmental impact of production, but also consumer preferences and acceptance. There is minimal environmental advantage in producing a food item with reduced environmental costs if its eventual wastage contributes additional environmental burdens. Certain experts suggest that the key action for minimizing food waste in the healthcare sector is to prioritize plant-based options and decrease the consumption of animal products (85). Our data does not support this claim. Guinto et al., proponents of transitioning healthcare diets towards plant-based options, contend that certain developing nations may need to augment meat consumption due to the pervasive issue of protein energy malnutrition within those countries (72). We propose extending this approach to vulnerable subgroups within affluent countries as well. Despite being understudied and frequently overlooked in psychiatry, undernutrition and malnutrition remain prevalent issues. Data indicates that 32 – 48% of psychiatric inpatients are at risk of malnutrition (86, 87). Therefore, we suggest that it is essential to offer psychiatric inpatients appealing food that is both nutritious and well-balanced. Animal-sourced foods may play a crucial role in cognitive development and health (88). Meta-analyses indicate that vegetarian and vegan diets, as well as abstaining from meat, are associated with poorer mental health outcomes (89, 90). Prudently handled animal-sourced foods can be a valuable addition to nutritious hospital menus. Adesogan and colleagues argue that animal-sourced foods are essential. Sustainable development should address the needs of the poorest and most vulnerable populations while also balancing planetary health and sustainability goals (91). The reasons why fruits and vegetables are often discarded more frequently are unclear. Meat is highly preferred by most humans and generally viewed positively worldwide (92, 93). It has also been suggested that meat and fish are more palatable than plant-based staples (94). Despite this, the vitamins, minerals, fiber, and dietary bioactives in plant-based foods underscore their essential role in promoting overall health, including mental health (95, 96). In our center, the category of meat, fish, and protein saw the most substantial reduction in waste over the study period. In contrast, the reduction in plant-sourced food waste was only half as successful in percentage terms. To improve the acceptance of plant-based dishes, reduce waste, and encourage their consumption, hospital kitchens should focus on developing new, appealing plant-based meals and optimizing existing ones. At the same time, taste should be prioritized (85).

An encouraging aspect of our study is the relatively small contribution of overproduction to overall food waste. This applies to all single food item groups except for packaged foods, which have seen a concerning relative increase, although their overall contribution to food waste remains small. This achievement underscores the effectiveness of our strategies in meal planning and portion control. Our measures implemented to reduce food waste have yielded promising results, as indicated by our longitudinal assessment. Our results show a notable disparity in the efficacy of food waste reduction initiatives among different track units within our healthcare facility. Specifically, while Child Psychiatry and Psychotic Disorders have exhibited remarkable success in curbing food wastage, Affective Disorders have unfortunately experienced an upward trend in the percentage of discarded food. In seeking to elucidate the underlying reasons for these discrepancies and formulate strategies to narrow this variation, several key factors warrant consideration. Firstly, the variance in patient demographics and their distinct dietary requirements emerges as a salient factor contributing to the observed differences (97). Each track unit caters to a unique patient population, and this demographic heterogeneity significantly influences the generation of food waste (98). Notably, variations in patients’ clinical conditions and their associated eating habits emerge as a critical determinant (38). Clinical populations, particularly those with a history of disordered eating, may exhibit proclivities towards generating more food waste. Tailoring menus to align closely with patient preferences and specific dietary needs emerges as a potential solution, a paradigm notably exemplified by Affective Disorders. Furthermore, the implementation of tailored menu plans calls for stringent adherence to portion control and ongoing staff training. It is imperative that staff members, both in the kitchen and clinical departments, receive comprehensive training in the techniques of minimizing food waste. Regular refresher courses are integral in maintaining awareness and proficiency in these strategies. To continue our efforts in reducing food waste, we furthermore propose several future measures:

- Food Recovery: Partnering with local food banks or shelters to donate excess but safe-to-eat food can contribute to waste reduction (99, 100). Food waste in hospitals can be effectively repurposed through donations to individuals experiencing food insecurity (101, 102). Nonetheless, food hygiene regulations may impose restrictions on the reutilization of unserved food, and there is a shortage of literature addressing these specific practices (103).

	- Food Recycling: Implementing a food recycling program to convert food scraps into compost or energy is an environmentally responsible option (104). Composting and anaerobic digestion offer the opportunity to repurpose food waste and contribute to the establishment of a circular food economy. Composting involves utilizing organic materials, such as food scraps, to generate a product that enhances soil quality and health (105).

	- Menu Optimization: Regularly reviewing patient satisfaction and the menu to identify and remove unpopular items can further minimize waste (106).

	- Patient Education: Educating our patients, especially in a vulnerable population, about the importance of minimizing food waste can be beneficial (107).

	- Smart Kitchen Technology: Utilizing technology for precise ingredient measurements and portion control can enhance efficiency (108, 109).

	- Furthermore, as part of our pilot program, we intend to experiment with providing food to patients in designated wards through the staff restaurant, ensuring prompt serving upon specific individual orders.

	- We also recommend enhancing feedback loops by offering a more detailed questionnaire focused on various aspects of food quality and taste.






5 Limitations

Our study has several limitations. It was exclusively conducted within a single psychiatric tertiary care center, which restricts the applicability of our findings to a broader context. The absence of a control group or comparative analysis complicates the establishment of a direct causal link between the suggested corrective measures and the observed reduction in food waste. While the extrapolated longitudinal three-year measurement yielded valuable data, it may not encompass seasonal fluctuations or long-term food waste trends. To strengthen the evidence, additional studies are necessary to validate the enduring viability and practicability of the proposed corrective measures. This is imperative to guarantee their successful implementation and sustained effectiveness. Furthermore, it is important to highlight that during the years 2020 and 2021, the potential impact of COVID-19-related factors may have contributed to our results, rendering it challenging to draw definitive conclusions in this regard. Nevertheless, it is probable that in 2022, the influence of COVID-19 effects is not expected to be a significant factor. Research indicates that consumer-related food wastage decreased during the pandemic (110–112). As a result, it is possible that our initial assessment may have underestimated the food waste burden that would have existed under pre-pandemic circumstances. Nonetheless, it is worth noting that, to the best of our knowledge, there are no published food waste data from large healthcare facilities during the COVID-19 pandemic available for a dependable comparison. When addressing the limitations, it is important to consider that this analysis pertains to an affluent country, which may restrict the generalizability of the results to other (less affluent) countries and healthcare systems.




6 Conclusion

In conclusion, our research highlights the significance of addressing food waste in a healthcare setting. The economic and environmental implications of waste necessitate diligent and scientific management. The measures we have implemented have already shown promising results, and future initiatives promise to contribute to further waste reduction, ultimately benefiting our hospital, its patients, and the environment. By addressing food waste in psychiatry settings, healthcare providers can promote sustainable practices, enhance patient recovery and well-being, and optimize resource utilization.





Data availability statement

The raw data supporting the conclusions of this article will be made available upon request to the corresponding author, without undue reservation.





Author contributions

TL: Conceptualization, Formal analysis, Visualization, Writing – original draft, Writing – review & editing. IB: Conceptualization, Funding acquisition, Methodology, Supervision, Writing – review & editing. AS: Conceptualization, Methodology, Project administration, Writing – review & editing. EK: Writing – review & editing. FD: Writing – review & editing. FR: Writing – review & editing. JM: Writing – review & editing. JS: Writing – review & editing. AB: Writing – review & editing. AN: Writing – review & editing. UL: Writing – review & editing. CH: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

We extend our gratitude to the following: United Against Food Waste for their methodological support; the Kanton of Basel-Stadt for their generous support; and all involved UPK Basel team members for their invaluable contributions to this project. During the preparation of this work, the authors utilized the ProWritingAid (model 2.4, https://prowritingaid.com/) tool to enhance the quality of the manuscript. After employing this tool, the authors diligently reviewed and edited the content as necessary, assuming full responsibility for the final publication.





Conflict of interest

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




Abbreviations

CHF, Swiss Francs (Confoederatio Helvetica Franc); COVID-19, Coronavirus disease 2019; CO2-eq, Carbon dioxide equivalent emission; EU, European Union; GWP, global warming potential; UBP, Umweltbelastungspunkte (environmental impact points).




References

1. Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, et al. Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from sustainable food systems. Lancet. (2019) 393:447–92. doi: 10.1016/S0140-6736(18)31788-4

2. United Nations Environment Programme. Food Waste Index Report 2024. Think Eat Save: Tracking Progress to Halve Global Food Waste. Nairobi, Kenya: United Nations Environment Programme (2024). Available at: https://wedocs.unep.org/handle/20.500.11822/45230.

3. United Nations. Reducing food loss and waste: Taking Action to Transform Food Systems(2023). Available online at: https://www.un.org/en/observances/end-food-waste-day.

4. Beretta C, Hellweg S. Potential environmental benefits from food waste prevention in the food service sector. Resour Conserv Recycl. (2019) 147:169–78. doi: 10.1016/j.resconrec.2019.03.023

5. Eriksson M, Malefors C, Bergström P, Eriksson E, Persson Osowski C. Quantities and quantification methodologies of food waste in Swedish hospitals. Sustainability. (2020) 12:3116. doi: 10.3390/su12083116

6. World Food Programme. 5 facts about food waste and hunger (2020). Available online at: https://www.wfp.org/stories/5-facts-about-food-waste-and-hunger.

7. Food and Agriculture Organization of the United Nations. Global food losses and food waste. Rome: Food and Agriculture Organization of the United Nations (2011).

8. BIO Intelligence Service. Preparatory Study on Food Waste Across EU27. Paris, France: European Communities (2010).

9. The White House Office of Domestic Climate Policy. U.S. Methane Emissions Reduction Action Plan. Washington, D.C: The White House (2021).

10. Poore J, Nemecek T. Reducing food’s environmental impacts through producers and consumers. Sci (1979). (2018) 360:987–92. doi: 10.1126/science.aaq0216

11. Federal Office for the Environment. Food waste(2023). Available online at: https://www.bafu.admin.ch/bafu/en/home/topics/waste/guide-to-waste-a-z/biodegradable-waste/types-of-waste/lebensmittelabfaelle.html.

12. Food and Agriculture Organization of the United Nations. Food wastage: Key facts and figures(2023). Available online at: https://www.fao.org/home/en/.

13. European Commission. Brief on food waste in the European Union. (2020). Available online at: https://knowledge4policy.ec.europa.eu/publication/brief-food-waste-european-union_en.

14. Schneider F. Review of food waste prevention on an international level. Proc Institution Civil Engineers  Waste Resour Manage. (2013) 166:187–203. doi: 10.1680/warm.13.00016

15. Statista. Total food waste produced worldwide in 2019, by sector(2024). Available online at: https://www.statista.com/statistics/1219836/global-food-waste-by-sector/.

16. Eurostat. Food waste per capita in the EU remained stable in 2021(2023). Available online at: https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20230929-2.

17. Carino S, Porter J, Malekpour S, Collins J. Environmental sustainability of hospital foodservices across the food supply chain: A systematic review. J Acad Nutr Diet. (2020) 120:825–73. doi: 10.1016/j.jand.2020.01.001

18. Antasouras G, Vasios GK, Kontogiorgis C, Ioannou Z, Poulios E, Deligiannidou G, et al. How to improve food waste management in hospitals through focussing on the four most common measures for reducing plate waste. Int J Health Plann Manag. (2023) 38:296–316. doi: 10.1002/hpm.3586

19. Alam MdM, Sujauddin M, Iqbal GMA, Huda SMS. Report: Healthcare waste characterization in Chittagong Medical College Hospital, Bangladesh. Waste Manage Res: J Sustain Circ Econ. (2008) 26:291–6. doi: 10.1177/0734242X07087661

20. Mattoso VDB, Schalch V. Hospital waste management in Brazil: A case study. Waste Manage Res: J Sustain Circ Econ. (2001) 19:567–72. doi: 10.1177/0734242X0101900613

21. Eckelman MJ, Sherman J. Environmental impacts of the U.S. Health care system and effects on public health. PloS One. (2016) 11:e0157014. doi: 10.1371/journal.pone.0157014

22. do Rosario VA, Walton K. Hospital food service. In: Handbook of Eating and Drinking. Springer International Publishing, Cham (2019). p. 1–27. doi: 10.1007/978-3-319-75388-1_74-1

23. Goonan S, Mirosa M, Spence H. Getting a Taste for Food Waste: A Mixed Methods Ethnographic Study into Hospital Food Waste before Patient Consumption Conducted at Three New Zealand Foodservice Facilities. J Acad Nutr Diet. (2014) 114:63–71. doi: 10.1016/j.jand.2013.09.022

24. Porter J, Collins J. A qualitative study exploring hospital food waste from the patient perspective. J Nutr Educ Behav. (2021) 53:410–7. doi: 10.1016/j.jneb.2020.10.008

25. Dias-Ferreira C, Santos T, Oliveira V. Hospital food waste and environmental and economic indicators – A Portuguese case study. Waste Manage. (2015) 46:146–54. doi: 10.1016/j.wasman.2015.09.025

26. Diana R, Martianto D, Baliwati YF, Sukandar D, Hendriadi A. Food waste in Indonesian hospitals: a systematic review. Nutr Food Sci. (2023) 53:881–900. doi: 10.1108/NFS-05-2022-0150

27. Rinninella E, Cintoni M, De Lorenzo A, Addolorato G, Vassallo G, Moroni R, et al. Risk, prevalence, and impact of hospital malnutrition in a Tertiary Care Referral University Hospital: a cross-sectional study. Intern Emerg Med. (2018) 13:689–97. doi: 10.1007/s11739-018-1884-0

28. Schuetz P, Seres D, Lobo DN, Gomes F, Kaegi-Braun N, Stanga Z. Management of disease-related malnutrition for patients being treated in hospital. Lancet. (2021) 398:1927–38. doi: 10.1016/S0140-6736(21)01451-3

29. Rinninella E, Raoul P, Maccauro V, Cintoni M, Cambieri A, Fiore A, et al. Hospital services to improve nutritional intake and reduce food waste: A systematic review. Nutrients. (2023) 15:310. doi: 10.3390/nu15020310

30. Gomes A, Saraiva C, Esteves A, Gonçalves C. Evaluation of hospital food waste—A case study in Portugal. Sustainability. (2020) 12:6157. doi: 10.3390/su12156157

31. Norshariza J, Siti Farrah Zaidah M, Basmawati B, Leow C, Lina I, Norafidza A, et al. Evaluation of Factors Affecting Food Wastage among Hospitalized Patients on Therapeutic Diet at Ministry of Health (MOH) Hospitals. Asian J Dietetics. (2019), 111–20. Available at: https://jnl.calorie-smile.jp/eng/wordpress/wp-content/uploads/2019/12/asian_journal_of_dietetics_1_4_2019_111_120.pdf.

32. Hoteit M, Antar E, Malli D, Fattouh F, Khattar M, Baderddine N, et al. A review on hospital food waste quantification, management and assessment strategies in the eastern Mediterranean region. J Agric Food Res. (2024) 15:100959. doi: 10.1016/j.jafr.2023.100959

33. Food and Agriculture Organization of the United Nations. Food wastage footprint & Climate Change. Rome, Italy: Food and Agriculture Organization of the United Nations (2015).

34. Cook N, Goodwin D, Porter J, Collins J. Food and food-related waste management strategies in hospital food services: A systematic review. Nutr Dietetics. (2023) 80:116–42. doi: 10.1111/1747-0080.12768

35. U.S. Environmental Protection Agency. Wasted Food Scale(2024). Available online at: https://www.epa.gov/sustainable-management-food/wasted-food-scale.

36.EU compass for action on mental health and well-being. Access To Mental Health Care In Europe: Consensus Paper. (2016). Brussels.

37. The Global Health Observatory. Mental hospitals (per 100,000). Available at: https://www.who.int/data/gho/data/indicators/indicator-details/GHO/beds-for-mental-health-in-general-hospitals-(per-100-000).

38. Risch L, Hotzy F, Vetter S, Hiller S, Wallimann K, Seifritz E, et al. Assessment of Nutritional Status and Risk of Malnutrition Using Adapted Standard Tools in Patients with Mental Illness and in Need of Intensive Psychiatric Treatment. Int J Environ Res Public Health. (2022) 20:109. doi: 10.3390/ijerph20010109

39. Mötteli S, Provaznikova B, Vetter S, Jäger M, Seifritz E, Hotzy F. Examining nutrition knowledge, skills, and eating behaviours in people with severe mental illness: A cross-sectional comparison among psychiatric inpatients, outpatients, and healthy adults. Nutrients. (2023) 15:2136. doi: 10.3390/nu15092136

40. Firth J, Stubbs B, Teasdale SB, Ward PB, Veronese N, Shivappa N, et al. Diet as a hot topic in psychiatry: a population-scale study of nutritional intake and inflammatory potential in severe mental illness. World Psychiatry. (2018) 17:365–7. doi: 10.1002/wps.20571

41. Himmerich H, Kan C, Au K, Treasure J. Pharmacological treatment of eating disorders, comorbid mental health problems, malnutrition and physical health consequences. Pharmacol Ther. (2021) 217:107667. doi: 10.1016/j.pharmthera.2020.107667

42. Giménez-Palomo A, Gomes-da-Costa S, Borràs R, Pons-Cabrera MT, Doncel-Moriano A, Arbelo N, et al. Effects of malnutrition on length of stay in patients hospitalized in an acute psychiatric ward. Acta Psychiatr Scand. (2023) 148:316–26. doi: 10.1111/acps.13598

43. Leweke FM, Hirjak D, Staudter C, Borgwedel D, Coenen-Daniel M, Heser M, et al. [The CIMH Track Concept in Psychiatry: Syndrome-specific Treatment across Modalities - Part 1 - Theoretical background]. Fortschr Neurol Psychiatr. (2020) 88:12–23. doi: 10.1055/a-0759-1859

44.United against Waste(2023). Available online at: https://www.united-against-waste.ch/.

45. Brechbühler Pešková M, Harder D, Duminy L, Kaeser M, Ulber S, Fischer EC. Kurzstudie Kosten senken und Food Waste vermeiden – Einsparpotenziale in der Schweizer Gastronomie. Bern, Switzerland: Institut Unternehmensentwicklung (2018).

46. Bundesamt für Statistik. Landesindex der Konsumentenpreise im April 2024(2024). Available online at: https://www.bfs.admin.ch/bfs/de/home/statistiken/preise.gnpdetail2024-0292.html.

47. Bundesamt für Umwelt BAFU. Die Methode der Umweltbelastungspunkte (UBP)(2008). Available online at: https://www.bafu.admin.ch/dam/bafu/de/dokumente/wirtschaft-konsum/fachinfo-daten/methode_der_umweltbelastungspunkteubp.pdf.download.pdf/methode_der_umweltbelastungspunkteubp.pdf.

48. Bundesamt für Umwelt BAFU. Umweltbelastungspunkte-Methode: Gute Punkte für Ökobilanzen(2022). Available online at: https://www.bafu.admin.ch/bafu/de/home/dokumentation/magazin/magazin2022-1/umweltbelastungspunkte-methode-gute-punkte-fuer-oekobilanzen.html.

49. Global Monitoring Laboratory. NOAA’s Annual Greenhouse Gas Index. Available online at: https://gml.noaa.gov/aggi/.

50. National Ocean Service. What is Ocean Acidification?(2024). Available online at: https://oceanservice.noaa.gov/facts/acidification.html.

51. Water Footprint Network. What Is Water Footprint? Available online at: https://www.waterfootprint.org/water-footprint-2/what-is-a-water-footprint/.

52. Water Footprint Network. Fair & smart use of the world’s fresh water. Available online at: https://www.waterfootprint.org/.

53. Vizzoto F, Testa F, Iraldo F. Strategies to reduce food waste in the foodservices sector: A systematic review. Int J Hosp Manag. (2021) 95:102933. doi: 10.1016/j.ijhm.2021.102933

54. Werner  JA, Kaatze  T, Schmidt-Rumposch  A eds. Green Hospital: Nachhaltigkeit und Ressourcenschonung im Krankenhaus. 1st ed. Berlin, Germany: MWV (2022). doi: 10.32745/9783954667055

55. Heikkilä L, Reinikainen A, Katajajuuri J-M, Silvennoinen K, Hartikainen H. Elements affecting food waste in the food service sector. Waste Manage. (2016) 56:446–53. doi: 10.1016/j.wasman.2016.06.019

56. Wabnitz K, Galle S, Hegge L, Masztalerz O, Schwienhorst-Stich E, Eichinger M. Planetare Gesundheit – transformative Lehr- und Lernformate zur Klima- und Nachhaltigkeitskrise für Gesundheitsberufe. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2021) 64:378–83. doi: 10.1007/s00103-021-03289-x

57. Robichaud R, Cormier A, Gaudet-Leblanc C. Survey of food-related waste management practises in New Brunswick health establishments. J Can Diet Assoc. (1995) 56:35–9. Available at: https://pubmed.ncbi.nlm.nih.gov/10141088/.

58. Caswell H. Britain’s battle against food waste. Nutr Bull. (2008) 33:331–5. doi: 10.1111/j.1467-3010.2008.00723.x

59. United States Environmental Protection Agency. Sustainable Management of Food. Available online at: https://www.epa.gov/sustainable-management-food.

60. Watters CA, Sorensen J, Fiala A, Wismer W. Exploring patient satisfaction with foodservice through focus groups and meal rounds. J Am Diet Assoc. (2003) 103:1347–9. doi: 10.1016/S0002-8223(03)01077-0

61. Williams P, Walton K. Plate waste in hospitals and strategies for change. E Spen Eur E J Clin Nutr Metab. (2011) 6:e235–41. doi: 10.1016/j.eclnm.2011.09.006

62. Saber D, Aziza R, Dreyer S, Sanford D, Nadeau H. Hospital food waste: reducing waste and cost to our health care system and environment. OJIN: Online J Issues Nurs. (2022) 27. Available at: https://ojin.nursingworld.org/table-of-contents/volume-27-2022/number-2-may-2022/articles-on-previously-published-topics/hospital-food-waste/.

63. Aucoin M, LaChance L, Cooley K, Kidd S. Diet and psychosis: A scoping review. Neuropsychobiology. (2020) 79:20–42. doi: 10.1159/000493399

64. Teasdale SB, Ward PB, Samaras K, Firth J, Stubbs B, Tripodi E, et al. Dietary intake of people with severe mental illness: systematic review and meta-analysis. Br J Psychiatry. (2019) 214:251–9. doi: 10.1192/bjp.2019.20

65. Anderson L. Skipping meals is associated with symptoms of anxiety and depression in U.S. Older adults. Innov Aging. (2020) 4:515–5. doi: 10.1093/geroni/igaa057.1663

66. National Institutes of Health. Fruit and vegetable consumption reduce risk of death. Available online at: https://www.nih.gov/news-events/nih-research-matters/fruit-vegetable-consumption-reduce-risk-death.

67. Hunter College New York City Food Policy Center. Healthy Hospital Food: A New Approach to Patient Recovery. Available online at: https://www.nycfoodpolicy.org/healthy-hospital-food-new-approach-patient-recovery/.

68. Osterloh F. Ernährung im Krankenhaus: Trend zu pflanzlicher Kost. Dtsch Arztebl. (2024) 121. Available at: https://www.aerzteblatt.de/archiv/238723/Ernaehrung-im-Krankenhaus-Trend-zu-pflanzlicher-Kost.

69. Springmann M. Eating a nutritionally adequate diet is possible without wrecking long-term health, the planet, or the pocket. Lancet Planet Health. (2023) 7:e544. doi: 10.1016/S2542-5196(23)00129-8

70. Kassam S. Plant-based diets – an underutilised way to tackle our health and climate crises(2024). Available online at: https://www.rcpath.org/resource-report/plant-based-diets-an-underutilised-way-to-tackle-our-health-and-climate-crises.html.

71. Deutsche Gesellschaft für Ernährung e.V. Lebensmittelbezogene Ernährungsempfehlungen der DGE(2024). Available online at: https://www.dge.de/gesunde-ernaehrung/faq/lebensmittelbezogene-ernaehrungsempfehlungen-dge/.

72. Guinto RR, Baluyot CJ, Gan CCR, Ghosh U, Mahadzir MDA. Health sector solutions for promoting sustainable and nutritious diets. BMJ (Clinical research ed.). (2022) 378:e071535. doi: 10.1136/bmj-2022-071535

73. The New York State Senate. Senate Bill S1471A. Available online at: https://www.nysenate.gov/legislation/bills/2019/S1471.

74. Khalife G. California Passes Law Requiring Vegan Meals in Prisons and Hospitals(2018). Available online at: https://www.nycfoodpolicy.org/california-passes-law-requiring-vegan-meals-in-prisons-and-hospitals/.

75. Food and agriculture Organization of the United Nations. Tackling climate change through livestock: a global assessment of emissions and mitigation opportunities. Rome, Italy: Food and Agriculture Organization of the United Nations (2013).

76. Đekić I, Tomašević I. Environmental footprints in the meat chain. IOP Conf Ser Earth Environ Sci. (2017) 85:12015. doi: 10.1088/1755-1315/85/1/012015

77. Eshel G, Shepon A, Makov T, Milo R. Land, irrigation water, greenhouse gas, and reactive nitrogen burdens of meat, eggs, and dairy production in the United States. Proc Natl Acad Sci. (2014) 111:11996–2001. doi: 10.1073/pnas.1402183111

78. Springmann M, Spajic L, Clark MA, Poore J, Herforth A, Webb P, et al. The healthiness and sustainability of national and global food based dietary guidelines: modelling study. BMJ (Clinical research ed.). (2020) 370:m2322. doi: 10.1136/bmj.m2322

79. Xu X, Sharma P, Shu S, Lin T-S, Ciais P, Tubiello FN, et al. Global greenhouse gas emissions from animal-based foods are twice those of plant-based foods. Nat Food. (2021) 2:724–32. doi: 10.1038/s43016-021-00358-x

80. McAuliffe GA, Takahashi T, Beal T, Huppertz T, Leroy F, Buttriss J, et al. Protein quality as a complementary functional unit in life cycle assessment (LCA). Int J Life Cycle Assess. (2023) 28:146–55. doi: 10.1007/s11367-022-02123-z

81. Wainaina S, Awasthi MK, Horváth IS, Taherzadeh MJ. Anaerobic digestion of food waste to volatile fatty acids and hydrogen at high organic loading rates in immersed membrane bioreactors. Renew Energy. (2020) 152:1140–8. doi: 10.1016/j.renene.2020.01.138

82. Springmann M, Clark M, Mason-D’Croz D, Wiebe K, Bodirsky BL, Lassaletta L, et al. Options for keeping the food system within environmental limits. Nature. (2018) 562:519–25. doi: 10.1038/s41586-018-0594-0

83. Banerjee J, Singh R, Vijayaraghavan R, MacFarlane D, Patti AF, Arora A. Bioactives from fruit processing wastes: Green approaches to valuable chemicals. Food Chem. (2017) 225:10–22. doi: 10.1016/j.foodchem.2016.12.093

84. Ben-Othman S, Jõudu I, Bhat R. Bioactives from agri-food wastes: present insights and future challenges. Molecules. (2020) 25:510. doi: 10.3390/molecules25030510

85. Hünninghaus K, Oppenrieder N. Ernährung im Krankenhaus: Transformation ist notwendig. Dtsch Arztebl. (2023) 120. Available at: https://www.aerzteblatt.de/archiv/230342/Ernaehrung-im-Krankenhaus-Transformation-ist-notwendig.

86. Risch L, Hotzy F, Vetter S, Hiller S, Wallimann K, Seifritz E, et al. Assessment of nutritional status and risk of malnutrition using adapted standard tools in patients with mental illness and in need of intensive psychiatric treatment. Int J Environ Res Public Health. (2022) 20:109. doi: 10.3390/ijerph20010109

87. Abayomi J, Hackett A. Assessment of malnutrition in mental health clients: nurses’ judgement vs. a nutrition risk tool. J Adv Nurs. (2004) 45:430–7. doi: 10.1046/j.1365-2648.2003.02926.x

88. Balehegn M, Andrade Laborde JE, McKune SL, Adesogan AT. The importance of meat for cognitive development. Meat Muscle Biol. (2023) 5. doi: 10.22175/mmb.13040

89. Dobersek U, Teel K, Altmeyer S, Adkins J, Wy G, Peak J. Meat and mental health: A meta-analysis of meat consumption, depression, and anxiety. Crit Rev Food Sci Nutr. (2023) 63:3556–73. doi: 10.1080/10408398.2021.1974336

90. Ocklenburg S, Borawski J. Vegetarian diet and depression scores: A meta-analysis. J Affect Disord. (2021) 294:813–5. doi: 10.1016/j.jad.2021.07.098

91. Adesogan AT, Havelaar AH, McKune SL, Eilittä M, Dahl GE. Animal source foods: Sustainability problem or malnutrition and sustainability solution? Perspective matters. Glob Food Sec. (2020) 25:100325. doi: 10.1016/j.gfs.2019.100325

92. Rozin P, Hormes JM, Faith MS, Wansink B. Is meat male? A quantitative multimethod framework to establish metaphoric relationships. J Consumer Res. (2012) 39:629–43. doi: 10.1086/664970

93. Frank J. Meat as a bad habit: A case for positive feedback in consumption preferences leading to lock-in. Rev Soc Econ. (2007) 65:319–48. doi: 10.1080/00346760701635833

94. Johnson F, Wardle J. Variety, palatability, and obesity. Adv Nutr. (2014) 5:851–9. doi: 10.3945/an.114.007120

95. Głąbska D, Guzek D, Groele B, Gutkowska K. Fruit and vegetable intake and mental health in adults: A systematic review. Nutrients. (2020) 12:115. doi: 10.3390/nu12010115

96. Wallace TC, Bailey RL, Blumberg JB, Burton-Freeman B, Chen C-YO, Crowe-White KM, et al. Fruits, vegetables, and health: A comprehensive narrative, umbrella review of the science and recommendations for enhanced public policy to improve intake. Crit Rev Food Sci Nutr. (2020) 60:2174–211. doi: 10.1080/10408398.2019.1632258

97. Whichelow MJ, Prevost AT. Dietary patterns and their associations with demographic, lifestyle and health variables in a random sample of British adults. Br J Nutr. (1996) 76:17–30. doi: 10.1079/BJN19960006

98. Freeman MP. Nutrition and psychiatry. Am J Psychiatry. (2010) 167:244–7. doi: 10.1176/appi.ajp.2009.09121746

99. Environmental Protection Agency (EPA). America’s Food Waste Problem. Available online at: https://www.epa.gov/sciencematters/americas-food-waste-problem.

100. Lohnes J, Wilson B. Bailing out the food banks? Hunger relief, food waste, and crisis in Central Appalachia. Environ Plann A: Econ Space. (2018) 50:350–69. doi: 10.1177/0308518X17742154

101. Galvan AM, Hanson R, George DR. Repurposing waste streams: lessons on integrating hospital food waste into a community garden. J Community Health. (2018) 43:944–6. doi: 10.1007/s10900-018-0509-x

102. Grenier J, Wynn N. A nurse-led intervention to address food insecurity in Chicago. OJIN: Online J Issues Nurs. (2018) 23. doi: 10.3912/OJIN.Vol23No03Man04

103. Ofei KT, Holst M, Rasmussen HH, Mikkelsen BE. Effect of meal portion size choice on plate waste generation among patients with different nutritional status. An investigation using Dietary Intake Monitoring System (DIMS). Appetite. (2015) 91:157–64. doi: 10.1016/j.appet.2015.04.043

104. Papargyropoulou E, Lozano R K, Steinberger J, Wright N, Ujang Zb. The food waste hierarchy as a framework for the management of food surplus and food waste. J Clean Prod. (2014) 76:106–15. doi: 10.1016/j.jclepro.2014.04.020

105. Environmental Protection Agency (EPA). Food Recovery Hierarchy. Available online at: https://www.epa.gov/sustainable-management-food/food-recovery-hierarchy.

106. Eustachio Colombo P, Patterson E, Lindroos AK, Parlesak A, Elinder LS. Sustainable and acceptable school meals through optimization analysis: an intervention study. Nutr J. (2020) 19:61. doi: 10.1186/s12937-020-00579-z

107. Brennan A, Browne S. Food waste and nutrition quality in the context of public health: A scoping review. Int J Environ Res Public Health. (2021) 18:5379. doi: 10.3390/ijerph18105379

108. Martin-Rios C, Hofmann A, Mackenzie N. Sustainability-oriented innovations in food waste management technology. Sustainability. (2020) 13:210. doi: 10.3390/su13010210

109. Gull S, Bajwa IS, Anwar W, Rashid R. Smart eNose food waste management system. J Sens. (2021) 2021:1–13. doi: 10.1155/2021/9931228

110. Roe BE, Bender K, Qi D. The impact of COVID-19 on consumer food waste. Appl Econ Perspect Policy. (2021) 43:401–11. doi: 10.1002/aepp.13079

111. Amicarelli V, Bux C. Food waste in Italian households during the Covid-19 pandemic: a self-reporting approach. Food Secur. (2021) 13:25–37. doi: 10.1007/s12571-020-01121-z

112. Rodgers RF, Lombardo C, Cerolini S, Franko DL, Omori M, Linardon J, et al. Waste not and stay at home” evidence of decreased food waste during the COVID-19 pandemic from the U.S. and Italy. Appetite. (2021) 160:105110. doi: 10.1016/j.appet.2021.105110




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Liwinski, Bocek, Schmidt, Kowalinski, Dechent, Rabenschlag, Moeller, Sarlon, Brühl, Nienaber, Lang and Huber. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-15-1374788-g005.jpg
Average Cost Food Waste
per Guest in CHF per Guest (in Grams)

150
100
50
0

Food Waste in CHF (Cost)

1.00

0.75
0.50
0.25
0.00

Food Waste in CHF

(Full Cost Accounting) 6
20000 "

75000
15000

50000
10000

25000

5000 5
0
Food Waste in kg Number of Meals

20000 B —

3000
-10

15000
2000 @

10000

N &
1000 5560
0

2020 2021 2022 2020 2021 2022






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Sustainability initiatives in inpatient psychiatry: tackling food waste

      

        		

          Background

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Highlights

        



        		

          1 Background

        



        		

          2 Materials and methods

        

          		

            2.1 Study setting

          



          		

            2.2 Methodological background

          



          		

            2.3 Food waste quantification

          



          		

            2.4 Quantification of the environmental impact

          



          		

            2.5 Evidence-based measures to reduce food waste

          



          		

            2.6 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Analysis of food waste and in-depth breakdown at the conclusive measurement

          



          		

            3.2 Analyzing the ecological footprint of food waste

          



          		

            3.3 Comparison between measurement periods

          



          		

            3.4 Longitudinal comparison between food items and track units

          



        



        



        		

          4 Discussion

        



        		

          5 Limitations

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-15-1374788-g007.jpg
A Initial & Third Measurement Comparison (%)

Packaged Foods (Butter, Jam, etc.) (118.07%) _
Number of Untouched Trays (39.24%) ]

Bread and Bakery Products (-3.3%) I

Plate Returns (Untouched Trays) (-18.39%) -
Desserts (-31.38%) ||

Soups (including Meat Sauces) (-36.13%) -
Vegetables, Salad, and Fruits (~36.71%) 1
Milk and Dairy Products (~53.42%) [
]

I —

Starch Sides (-54.41%)

Meat — Fish - Protein (including Stews, etc.) (-71.17%)

T T T T T 1
-100 -50 0 50 100 150

Percentage Change

B Initial & Third Measurement Comparison by Department (%)

Geriatric Psychiatry (3.22%) l
Diagnostic Day Clinic (~5.16%)
Forensic Psychiatry (-10.34%)
Addictive Disorders (-12.14%)
Psychotic Disorders (-29.66%)

Child and Adolescent Psychiatry (-36.08%) _

Central Reception (-38.35%)

-40 -20 0 20 40 60 80

Percentage Change





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-15-1374788-g003.jpg
UBP/kg (52 Weeks)

30000

20000

10000

® Soups (including Meat Sauces)

¢ \legetables, Salad, and Fruits

¢ Bread and Bakery Fish — Meat — Protein e
Desserts
[ ]
e Starch Sides

Milk and D.airy Products

Packaged Foods
. Sangwiches

Beverages (Coffee, Tea, etc.)

5 10 15 20 25
1000 UBP/kg per Category





OEBPS/Images/fpsyt-15-1374788-g001.jpg
LB

il

A
Reduced Portion Sizes

Collaboration with Nutritionists E5

Selling Surplus Food

Kitchen Staff Training

Regular Monitoring @

o
Feedback Loops r ’
Sustainable Sourcing @

2%

Communication

2e0e 28
220e NON
2202 100
geog des
geoe bny
220z Ine

geog unp
2eoz ey
220e Jdy
2e0e feiN
220z 984
2eog uer
1202 %8Q
1202 AON
1202 1°0
l2og deg
1202 bny
1202 Inf

20g unp
l2oe Ae
20z Jdy
1202 Je|N
1202 984
120g uer
0202 28d
0202 AON
0202 10
020z des
020z bny
0202 Inp

0202 unp
020z ey
020z 1dy
0202 1e
0202 ge4
0202 uer





OEBPS/Images/fpsyt-15-1374788-g004.jpg
UBP/kg (52 Weeks) CO,e/kg (52 Weeks)
30000

9000
20000 ~
6000
10000 i
. B l
o e I - o e I . . ,
H,O - Ikkg (52 Weeks) Food Waste Share in % (52 Weeks)
12.5 i

9e+05 10.0

7.5 ’
6e+05
5.0 '
3e+05
l ) . V |

. Sandwiches

. Packaged Foods . Starchy Sides

. Milk and Dairy Products . Desserts . Bread and Bakery Products . Soups (including Meat Sauces)

. Fish, Meat, and Protein . Vegetables, Salad, and Fruits





OEBPS/Images/fpsyt-15-1374788-g006.jpg
12500

10000

7500

5000

2500

6e+05

4e+05

2e+05

0e+00

30000

20000

10000

2020

CO,e/kg

H,0 I/kg

UBP/kg

2021

2022





OEBPS/Images/fpsyt.2024.1374788_cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Sustainability initiatives in inpatient
psychiatry: tackling food waste





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt-15-1374788-g002.jpg
Food Waste by Category

l__..llllllllll

800

600

400

(63) a1sBM POOH

200

0

6y 818
saje|d Jauuig payonon

B3 92'ves
suJnjay aje|d Jauuiq

B3 61661
suinjay aje|d youn_

B% 2928y
sHni4 ‘pejes ‘sajgelobapn

6% G2°8/¥
SaJe|d younT payonoun

6y 26°92¢
sdnog

B3 92912
sway Aleyeg pue peaig

B3 61881
sapis Ayoreis

By 291

saje|d isepjealg payonojun

B3 sove1
suassag

By 128y
syonpoid Alieq pue Alleq

B 62" L1
uielold ‘ysi4 ‘respy

B 62'82
suinjoy ale|d isepjealg

B3 g°ze
spoo- pabeyoed

By 1272
SayoIMpues

B3 0
sabelanag

B0
Bunsren/sienbueg





