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Abstract

:

The aim of this study was to determine the environmental impact, nutrient intake, appreciation and tastiness of three buffet-style lunches served at the workplace, consisting of (1) animal-based foods; (2) plant-based foods; and (3) both animal-based and plant-based foods. Employees of the National Institute for Public Health and the Environment in the Netherlands participated in the study. Participants scored the lunch for appreciation and tastiness (scores from 1 to 10). Greenhouse gas (GHG) emissions and land use associated with foods consumed were calculated using life cycle assessments. Nutrient intake was calculated using food composition data. The results show that both the plant-based and the combination lunch received higher scores for tastiness than the animal-based lunch. GHG emissions and land use were lowest for the plant-based lunch and highest for the animal-based lunch. The combination lunch was associated with increased fiber and decreased saturated fat intake compared to the animal-based lunch, but also lead to increased energy intake. The plant-based lunch did not increase energy intake, while increasing fiber intake and decreasing sodium (salt) and saturated fat intakes. These initial results show that plant-based lunches have the potential to improve nutrient intake and tastiness while reducing environmental impact. Additional research in this field is worthwhile.
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1. Introduction


Food consumption is estimated to be responsible for 20–30% of the environmental impact of total human consumption (including goods and services) [1]. The agricultural sector is responsible for up to 30% of global greenhouse gas (GHG) emissions [2]. Technological mitigation approaches can lower the environmental impact of food production, but dietary changes are needed as well to establish a sustainable food system [2].



Many studies have shown that reducing meat consumption will result in lower dietary GHG emissions [2,3,4,5,6,7,8]. Replacing meat with plant-based alternatives is an often-used strategy to successfully reduce dietary GHG emissions [5,6,7], and vegan diets seem to be associated with the lowest GHG emissions [3]. However, when meat is replaced iso-calorically by fruit and vegetables, reductions in GHG emissions may not be achieved [9].



Studies on the perceptions of consumers of replacing animal-based foods with plant-based alternatives for reasons of sustainability are scarce. Tobler et al. report that consumers do generally not see reducing meat consumption as environmentally beneficial: out of six options, limiting meat consumption was rated as the least environmentally beneficial in their study [10]. On the other hand, a study from the Netherlands has shown that one of the important reasons for meat eaters to limit meat consumption would be that it is better for the environment [11]. Sijtsema et al. report that in the Netherlands willingness to adopt a vegetarian diet, or to replace meat with meat substitutes more often, is low [12]. A study by Schösler et al. reports that in the Netherlands, when meat is substituted in a meal, it is most often replaced by other animal-based foods such as fish, egg and cheese and less often by plant-based foods such as tofu or nuts [13]. The authors suggest that replacing meat with less well-known plant-based alternatives in convenience food (which require no further preparation by consumers) might be a successful pathway to increase their consumption.



Changing the choice architecture (the foods available and the way they are presented) in settings such as schools, canteens, workplaces, hospitals, or grocery stores, is a possible mechanism to shift eating patterns and make food consumption more sustainable [14]. Changing the physical and social environment may be more cost-effective than person-directed interventions [15]. The Dutch National Food Consumption Survey 2012–2014 shows that 19% of food consumption (in grams) in the Netherlands of adults aged 19–50 years takes place at work (including foods brought from home) [16], making the workplace the most important out-of-home location for food consumption of this age group. In order to reduce environmental impact of food consumption, stimulating the consumption of plant-based foods at work is a promising strategy. Lunch would be the most promising meal for this, since in the Netherlands it is most common to have lunch at work and not breakfast or dinner. In addition, public procurement can shape production and consumption trends, having the potential to enlarge the market for environmentally friendly products, including foods [14]. The European Commission has underlined this potential by publishing the communication ‘Public procurement for a better environment’ [17].



At the National Institute for Public Health and the Environment, a government organization in the Netherlands, a regular lunch provided at lunch meetings consists primarily of animal-based foods: bread rolls with meat or cheese, and cow milk. Two alternative lunches were developed: one in which the animal-based foods were fully replaced by plant-based alternatives, and one in which both the animal-based foods and the plant-based foods were served. The aim of this study was to compare the environmental impact and nutrient content of these three lunches, as well as the appreciation and tastiness of these lunches as perceived by employees of the National Institute for Public Health and the Environment.




2. Materials and Methods


2.1. Study Setting and Participants


This study was conducted at the National Institute for Public Health and the Environment, located in Bilthoven, the Netherlands. All employees of three departments within the institute were invited by e-mail to attend three lunch lectures, where a lunch was provided at no cost. In this manuscript, the term “lunch” refers to the meal and the term “lunch lecture” is used for describing the event. The three departments included in this study were the Centre for Sustainability, Environment and Health (sustainability department), the Centre for Zoonoses and Environmental Microbiology (zoonoses department), and the Sector Public Health and Health Services (public health department). The lunch lectures took place between October 2014 and January 2015, as part of a regular cycle of lunch lectures organized for each individual department. Three lunch lectures were included for each department, adding up to a total of nine lunch lectures included in this study.



In the invitation, employees were informed that, during the lunch lecture, a study would take place regarding the lunch being served, and they were also informed that they would be asked to fill out a short questionnaire. The aim of the study was not explained in order to minimally influence the participants’ perception of the lunches being served. Employees were encouraged to attend all three lunch lectures, but were free to attend the number of lunch lectures they wanted. In total, 174 people participated in this study, of which 20 people attended all three lectures organized for their department.




2.2. Study Design


The three lunches differing in proportion of animal-based foods were developed in consultation with the catering company at the National Institute for Public Health and the Environment. All lunches were buffet-style meals, and study participants were free to choose between all foods offered as part of the buffet, as well as the amount of food consumed.



The first lunch was the standard lunch that is usually served at lunch meetings, which consists for an important part of animal-based foods: bread rolls with meat or cheese, and cow milk. An alternative lunch was developed in which the bread toppings were replaced with plant-based alternatives and cow milk was replaced by a soy drink and water. Other factors than the proportion of animal-based foods were kept constant: the type of bread used was the same for both lunches, as well as the number of different bread toppings and the other foods on offer, such as fruit. The third lunch was a combination of the standard lunch and plant-based alternative: all foods offered in the standard lunch and the plant-based lunch were included, making the number of foods to choose from in the third lunch higher (n = 12) than in the other two (n = 7).



Each lunch was served once during the three lunch lectures for each department, the order in which the lunches were served being the same for each department (with the standard animal-based lunch served at the first lunch lecture and the combination lunch served at the last lunch lecture).



Before the start of the lunch lectures, all participants received a printed questionnaire to be filled out during or immediately after the lunch lecture. Questionnaires were handed in by participants directly after the lunch lecture. The questionnaire consisted of questions on (1) Participant characteristics (8 items): Participants were asked to report their age and sex and the department where they worked. In addition, participants were asked to write down the telephone extension number of their workplace as a personal identification code, making it possible to link questionnaire data of the same participant for different lunch lectures. Participants were also asked to report their frequency of meat consumption and whether they ate anything within the two hours prior to the lunch lecture (if yes, participants were asked to fill out what they ate). Participants who wanted to be informed about the study results could fill-out their e-mail address; (2) Appreciation and tastiness of the lunch on offer as a whole (2 items): rated with scores from 1 to 10 with 1 meaning no appreciation/not tasty and 10 meaning high appreciation/very tasty; (3) Product choice: Participants were asked to fill out which foods they chose from the lunch buffet and the amount they chose of each food; (4) Appreciation and tastiness of individual food items chosen: For all foods chosen from the lunch buffet, participants were asked to rate appreciation and tastiness with scores from 1 to 10 with 1 meaning no appreciation/not tasty and 10 meaning high appreciation/very tasty. We included tastiness and appreciation as separate factors since participants might appreciate the various lunches for other reasons than taste (such as visual attractiveness, healthiness or environmental sustainability). In order not to direct the participants to think in a specific way, the interpretation of the term ‘appreciation’ was left to the participant, since reasons for appreciating a lunch may vary widely.



There was room for comments at the end of the questionnaire. There was no separate consent form that had to be signed by participants, as consent was implied by completion of the questionnaire.




2.3. Environmental Impact of Foods


To be able to determine the environmental impact of food consumed during the three lunches, life cycle assessments (LCAs) were performed by Blonk Consultants (dataset version 2014) using Agri-footprint [18]. GHG emission in kg CO2-equivalents and land use in m2*year were used as indicators of environmental impact. The functional unit was 1 kg prepared product at plate, and economic allocation was used. In the LCAs, the total amount of emissions and resources used were calculated throughout the whole life cycle of a food (i.e., cradle to plate assessment): from primary production, processing, use of packaging and transport to storage (including energy for cooling and freezing of products) and preparation of food. Life cycle inventory (LCI) data were collected from primary sources and literature and were representative for the Dutch situation. This means that LCI data were based on foods as they are commonly consumed in the Netherlands, and were not specific for the foods as served during the three lunches in this study. For example, energy use for the preparation of foods was based on average cooking times and energy sources as used by households in the Netherlands, and not on the exact energy use by the caterer. Similarly, LCI data for each food were based on a market mix (based on import and export data) representative for the Dutch situation, and not specifically on the country of origin of the foods as used by the caterer. Land use change was not included, which may result in lower estimations of GHG emissions compared to when land use change would have been included. This could especially be relevant for soy-based foods (vegetarian luncheon meat, soy drink) or animal-based foods, depending on whether land use change is included as direct or indirect land use change. Food waste was included by using food group specific percentages for avoidable and unavoidable food losses throughout the food chain. It was assumed that losses during cultivation were included in the yields, and food losses and food waste in other parts of the food chain were based on literature sources. Food waste in the consumer phase was based on food group-specific (e.g., vegetables, fruit, bread, dairy, meat, etc.) average food waste in Dutch households. It was not specific for out-of-home consumption nor corrected for the exact food waste at the three lunches included in this study. The time horizon for the calculations was 100 years. LCA data were available for 19 of the 23 foods included in the study. Extrapolations were made to the other four foods included in this study, based on similarities in type of food, production method, and ingredient composition. The environmental impact of food consumption during each lunch for each individual was calculated by multiplying the amount of each food chosen by the values for GHG emission and land use per kg of that food.




2.4. Nutrient Content of Food


To calculate energy (in kcal) and nutrient intake (for the nutrients carbohydrates, (saturated) fat, protein, fiber, calcium, sodium, zinc, retinol activity equivalents, vitamin B1 and vitamin C) during each lunch, data from the Dutch Food Composition Database (NEVO Table 2013/4.0) were used [19]. Data for one of the foods included in this study (tomato tapenade) were not available from the Dutch Food Composition Database, so data from another food with similar nutrient composition (dried tomatoes in oil, based on comparison with tomato tapenade label information) were used. The nutrient intake during each lunch for each individual was calculated by multiplying the amount of each food chosen by the nutrient content of that food (for the selected nutrients). The micro-nutrients (except vitamin C and sodium) for which intake levels are reported consist of a selection of nutrients for which either meat or dairy is the most important contributor in the Dutch diet [20]. Vitamin C was added because out of the nutrients for which vegetable consumption contributes to the intake, the contribution to vitamin C is largest [20]. Sodium was added as proxy for salt because the majority of the Dutch population exceeds recommended maximum intake levels for salt [21], so a reduction in salt intake is desirable.




2.5. Data Analysis


Results were reported for the three lunches separately. Differences in characteristics of the study population between the three lunches were assessed using one-way ANOVA for continuous variables and Chi-square test for categorical variables. Differences in appreciation and tastiness for the three lunches, as well as differences in environmental impact and nutrient content, were assessed using the Kruskal–Wallis test and Mann–Whitney tests for post-hoc analysis, since the variables were not normally distributed. Spearman’s correlation coefficient was calculated to assess the correlation between appreciation and tastiness of the three lunches as a whole and for all individual foods grouped together. As for the appreciation and tastiness of the three lunches as a whole, we also assessed differences between subgroups of the study population based on gender, department, frequency of meat consumption and having eaten something within the two hours before the lunch lecture. A one sample binomial test was used to check for differences in the proportion of plant-based foods and animal-based foods chosen in the combination lunch. P-values lower than 0.05 were considered statistically significant. Bonferroni corrections were used for tests with multiple comparisons. All analyses were performed using Statistical Analysis Software (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA).





3. Results


Table 1 shows the characteristics of the study population for each of the three lunches (i.e., each group). More women than men participated in this study. The mean age of participants was 40–43 years in the three groups. The majority of the participants ate meat, but not on a daily basis. None of the variables in Table 1 were significantly different between groups attending the three lunches.



Table 2 shows the composition and costs for all three lunches, and displays between brackets the number of times that individual foods were consumed in each lunch. The standard animal-based lunch is associated with the lowest costs (based on the price charged per person by the caterer), while the combination lunch is associated with the highest costs. The price difference can be explained by a higher cost price of the plant-based foods for the caterer, more ingredients per bread roll for the plant-based bread rolls, more preparation time for the plant-based bread rolls and a higher number of foods available in the combination lunch.



Figure 1 and Figure 2 show the appreciation and tastiness for the three lunches as a whole. The combination lunch scored higher on appreciation and tastiness than the standard and plant-based lunch. The tastiness of the plant-based lunch received a higher score than the standard lunch, but differences in appreciation did not reach significance by a small margin (p = 0.05). Appreciation and tastiness were strongly correlated, for the lunch as a whole as well as for individual foods (in both cases the Spearman correlation coefficient was 0.81 with p < 0.0001).



In the combination lunch, the plant-based bread rolls (n = 106, excluding currant buns) were chosen more often than the animal-based bread rolls (n = 81; see Table 2), but this difference did not reach significance (one sample binomial test, p = 0.08). As for appreciation and tastiness (see Table 3), the plant-based bread rolls scored significantly higher than the animal-based bread rolls in the combination lunch (p < 0.0001 for appreciation and p = 0.001 for tastiness). In both the plant-based and combination lunch, the bread roll with vegetarian luncheon meat was chosen least often of the three plant-based bread rolls. Regarding the drinks in the combination lunch, milk and buttermilk (n = 49) were chosen significantly more often than water and the soy drink (n = 17; p = 0.0001). Appreciation and tastiness were not significantly different between the groups ‘milk and buttermilk’ and ‘soy drink and water’ in the combination lunch (p = 0.516 and p = 0.794, respectively).



The environmental impact and nutrient content of food consumption per person in the three lunches are shown in Table 4. GHG emissions and land use were lowest for the plant-based lunch (with median values of 0.3 kg CO2-eq and 0.4 m2*year respectively) and highest for the animal-based lunch (with median values of 0.8 kg CO2-eq and 0.7 m2*year respectively). With slightly lower (but not significantly different) energy intake than in the standard lunch, the intakes of fiber and vitamin C were higher in the plant-based lunch compared to the standard lunch, and intakes of sodium (salt), saturated fat, protein, calcium and zinc were lower. In the combination lunch, energy, carbohydrates and vitamin B1 intakes were higher than in the other two lunches. In addition, total fat, protein, sodium, zinc and retinol activity equivalent intakes were higher than in the plant-based lunch, and fiber and vitamin C intakes were increased compared to the standard lunch. The intake of saturated fat and calcium was lower than in the standard lunch but higher than in the plant-based lunch.



Having eaten something within two hours before the lunch lecture did not have any significant effects on appreciation and tastiness for the lunches as a whole, nor on energy intake during lunch. The number of days per week that participants ate meat was not associated with the appreciation and tastiness for the standard lunch and combination lunch, but there was an association between frequency of meat consumption and appreciation and tastiness for the plant-based lunch. Participants who consumed meat 5 to 7 days per week had a significantly lower appreciation for the plant-based lunch than participants who never consumed meat or who consumed meat 1 to 4 days per week (Mann-Whitney test, p = 0.0028 and p = 0.0002 respectively). As for tastiness, participants who consumed meat 5 to 7 days per week rated the plant-based lunch significantly lower than people who consumed meat 1 to 4 days per week (p = 0.013), but there was no significant difference with participants who never consumed meat. However, looking at appreciation and tastiness of the three lunches within the subgroup of the most frequent meat consumers, ratings for the animal-based and plant-based lunch were not significantly different and only the combination lunch was rated significantly higher. Women appreciated the standard lunch significantly higher than men did (Mann–Whitney test, p = 0.010). As for differences between departments included in the study, the zoonoses department rated the plant-based lunch significantly lower than the public health and sustainability departments, for appreciation (Mann-Whitney test, p < 0.0001 for comparisons with both the other sectors) as well as tastiness (p = 0.002 and p = 0.008 respectively). Tastiness of the combination lunch was rated higher by the public health department compared to the zoonoses department (p = 0.008).




4. Discussion


Previous research has shown that worksite interventions can have a positive effect on dietary behavior [22,23]. Research so far has however focused on health promotion, while environmental impact (carbon footprint) has also been identified in focus groups as an important value for foodservices at the workplace [24]. To our knowledge, this study is the first to integrate nutrient content and environmental impact of lunches provided at the workplace, while also taking appreciation and tastiness into account. Our results show that including plant-based foods next to animal-based foods in a buffet-style lunch at the workplace can reduce the environmental impact and increase appreciation and tastiness compared to a standard animal-based lunch. Serving only plant-based foods can lead to even further reductions in environmental impact, while also scoring higher on tastiness than a standard animal-based lunch. Serving plant-based foods in a buffet-style lunch at the workplace also seems to result in more favorable nutrient intakes.



In the combination lunch, energy intake increased and calcium intake decreased, but saturated fat intake also decreased and fiber, vitamin B1 and vitamin C intakes increased compared to the standard lunch. In the plant-based lunch there was no increase in energy intake compared to the standard lunch, while the intakes of saturated fat and sodium (salt) were reduced and the intakes of fiber and vitamin C were increased. However, zinc, calcium and protein intakes were reduced. Data on body mass index, daily food/nutrient intake or nutrient status were not available for the population under study, but considering that in the Netherlands 50% of the adult population is overweight or obese [25], an increase in energy intake (such as in the combination lunch) is not desirable. Reductions in the intake of saturated fat and salt (sodium) such as in the plant-based lunch would be desirable, since the majority of the Dutch population has intakes above the recommended maxima [20,21]. Since the habitual protein intake in the Netherlands is above the estimated average requirement for almost all adults [20], reductions in protein intake are unlikely to cause problems. Increased fiber intakes are beneficial because the large majority of the Dutch population does not meet recommended fiber intakes [20]. Whether reduced intakes of calcium and zinc during lunch will cause problems is difficult to determine, but we know that the prevalence of inadequate calcium intake in the Netherlands is low and that the majority of the population has a zinc intake above the estimated average requirement [20]. In addition, dinner and not lunch is the most important meal for zinc intake, and intake of calcium is spread throughout the day [20]. Aside from nutrient intakes, we know that the majority of the Dutch population has a meat consumption above the maximum in the Dutch food based dietary guidelines, and less than 10% meet the recommended intake of vegetables [26]. Replacing meat-based bread toppings with vegetables will therefore bring food consumption more in line with dietary guidelines.



The number of foods consumed per person was highest in the combination lunch (e.g., on average 3.0 bread rolls per person compared to 2.6 in the standard lunch and 2.5 in the plant-based lunch; Table 2). Previous research has shown that increased food variety can increase food and energy intake [27], so possibly the larger number of foods on offer in the combination lunch resulted in increased food consumption. Food consumption was however only measured for the lunch provided, so we could not assess if the higher energy intake in the combination lunch was compensated for by decreased energy intakes later in the day. Results from experimental studies show that energy compensation varies but is more likely to occur when the additional energy comes from solid food [28], as was, at least to some extent, the case in this study.



Women appreciated the animal-based lunch more than men did in this study, which is surprising, since men are generally more likely to have a higher meat consumption and lower use of meat replacers [11,20,29,30]. The participants with the most frequent meat consumption (5 to 7 days per week) had a lower appreciation for the plant-based lunch than participants who consumed meat less frequently. However, considering only the group of participants with the most frequent meat consumption, there was no statistically significant difference in appreciation between the animal-based and plant-based lunch, while the combination lunch was appreciated significantly more. This implies that a plant-based lunch may be just as well accepted as an animal-based lunch by people who consume meat most days of the week.



One of the strengths of this study is that it was performed in a real-life setting, as previous research has shown that acceptability of foods and food intake as measured in laboratory settings may be different from those in real-life settings [31,32]. In addition, environmental impact and nutrient intake were based on the foods actually chosen by participants (consumption) instead of being based on the composition of the lunch as provided by the caterer. The results of this study are therefore based on actual choices made in practice, instead of theoretical differences. Another strength is that we incorporated perceived tastiness and appreciation into the study, since liking for the sensory aspects of food is an important factor in dietary choices [33]. We included tastiness and appreciation as separate factors since participants might appreciate the various lunches for other reasons than sensory characteristics (such as healthiness and environmental sustainability). In practice however, ratings for tastiness and appreciation were strongly correlated, emphasizing that lunches should be tasty in order to be appreciated.



A limitation of this study is that the plant-based lunch for the zoonoses department was not delivered as agreed upon by the caterer. The lunch was not delivered on time: it was delivered once the lunch lecture had already started, which will have caused some inconvenience. The number of bread rolls delivered was also lower than planned. The lunch did not contain the bread roll with vegetarian luncheon meat, and in addition there was no beetroot on the bread roll with hummus. This could explain the lower rating for appreciation and tastiness for the plant-based lunch by this department. The range of values given for appreciation and tastiness was largest for the plant-based lunch (Figure 1 and Figure 2), because of some very low ratings. When the zoonoses department is excluded from the analyses, the minimum value for appreciation of the plant-based lunch becomes 4, and that for tastiness becomes 3, similar to the minimum values for the other lunches. This means that the most negative ratings for the plant-based lunch were given by the zoonoses department. The difference in appreciation and tastiness between the plant-based and the standard animal-based lunch in this study may therefore be seen as conservative estimates. It is likely that the plant-based lunch would have received higher scores for appreciation and tastiness by participants from the zoonoses department if the lunch would have been provided in the same way as for the other two departments.



We relied on GHG emissions and land use as indicators for environmental impact. While these indicators are highly correlated to some other indicators of environmental impact [34], it does not mean that reductions in GHG emissions and land use lead to similar reductions in all other indicators. Additional research would be necessary to quantify the environmental impact of the three lunches for other indicators, such as water use or eutrophication. In addition, environmental impact data were specific for the Dutch situation and could be different in other countries. Environmental impact of food consumption as calculated in this study was not specific for out-of-home consumption or buffet-style lunches provided by a caterer. While we do not expect that including more specific environmental impact data will influence the main results of this study, future research could take this into account in order to obtain more detailed results.



Because we were interested in the type of foods people would prefer to choose from the lunch buffet, we made sure all foods were available in ample amounts. This resulted in some leftovers and food waste, which is also a general characteristic of buffet-style meals [35,36]. From a sustainability perspective, food waste should be avoided and therefore a buffet-style lunch may not be the preferable form. Offering the foods in more limited amounts may be better for the prevention of food waste, but could have an effect on appreciation and tastiness of the lunch because it will limit choice. It was beyond the scope of this study to test this, but it should be kept in mind for future research or for the implementation of the results of this study in practice.



This study can be seen as a first exploration into well-accepted lunches at the workplace with reduced environmental impact, but the results should be extrapolated to other situations with caution. Additional research is necessary to determine if the results remain valid in the long-term and in different populations. For example, the plant-based lunch and combination lunch were novel to the participants while the standard lunch was not, so additional research is necessary to rule out that the observed increases in tastiness and appreciation were (partly) attributable to the novelty of the lunches. In addition, for reasons of practicality, the lunches were always served in the same order within this study, so any effect of the order in which the lunches were consumed cannot be ruled out. Some plant-based bread rolls contained more than one bread topping (e.g., hummus and beet root), while the animal-based bread rolls contained only one topping. Therefore, the plant-based lunch could be considered more luxurious and the higher appreciation for the plant-based bread rolls may be partly attributable to this aspect. Finally, the population included in this study is not representative for the general population. Participants were all highly educated and, since the participants worked for the Dutch National Institute for Public Health and the Environment, all participants will have been interested in health and/or environmental sustainability to some extent. However, previous research in another sector has also found that changing the food environment at the workplace can improve nutrient intakes [37]. Despite these limitations, the results do show that plant-based lunches can lead to more environmentally friendly, nutritious and tasty lunches in a real-life setting, and that it is worthwhile to continue research into this field to further develop our knowledge on the improvement potential that plant-based lunches at work hold.




5. Conclusions


Including plant-based foods in a buffet-style lunch provided at the workplace can reduce environmental impact and improve nutrient intake while increasing tastiness. In this study, a lunch with both plant-based and animal-based foods was appreciated the most, but was also associated with increased energy intake. Including plant-based foods only also lead to improved tastiness compared to a standard animal-based lunch, while resulting in even larger reductions in environmental impact than the combination lunch and increased intakes of fiber and decreased intakes of sodium (salt) and saturated fat compared to a standard lunch. This first exploration into serving plant-based lunches at work shows that further research into this field is worthwhile.
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Figure 1. Appreciation of the three lunches as a whole, scores from 1 to 10. n = the number of people that rated the lunch. 
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Figure 2. Tastiness of the three lunches as a whole, scores from 1 to 10. n = the number of people that rated the lunch. 
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Table 1. Characteristics of the study population for each of the three lunches.
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Standard Lunch (Animal-Based Foods) (n = 91)

	
Plant-Based Lunch (n = 81)

	
Combination Lunch (n = 83)






	

	
n

	
Mean

	
SD

	
N

	
Mean

	
SD

	
n

	
Mean

	
SD




	
Age (year)

	
91

	
43

	
11

	
81

	
40

	
12

	
83

	
41

	
11




	

	
n

	
Proportion

	
N

	
Proportion

	
n

	
Proportion




	
Gender

	

	

	

	

	

	

	

	

	




	
 Male

	
30

	
33%

	

	
31

	
38%

	

	
40

	
48%

	




	
 Female

	
61

	
67%

	

	
50

	
62%

	

	
43

	
52%

	




	
Frequency of meat consumption

	

	

	

	

	

	

	

	

	




	
 Never

	
8

	
9%

	

	
10

	
12%

	

	
8

	
10%

	




	
 1–2 days per week

	
18

	
20%

	

	
12

	
15%

	

	
10

	
12%

	




	
 3–4 days per week

	
19

	
21%

	

	
19

	
23%

	

	
23

	
28%

	




	
 5–6 days per week

	
35

	
38%

	

	
25

	
31%

	

	
32

	
39%

	




	
 Daily

	
11

	
12%

	

	
15

	
19%

	

	
10

	
12%

	




	
Ate something within two hours before lunch lecture

	
49

	
54%

	

	
41

	
51%

	

	
42

	
52%

	




	
Department

	

	

	

	

	

	

	

	

	




	
 Sustainability department

	
26

	
29%

	

	
27

	
33%

	

	
18

	
22%

	




	
 Zoonoses department

	
26

	
29%

	

	
31

	
38%

	

	
35

	
42%

	




	
 Public health department

	
32

	
35%

	

	
20

	
25%

	

	
28

	
34%

	




	
 Other department

	
7

	
8%

	

	
3

	
4%

	

	
2

	
2%

	








None of the variables were significantly different between the three lunches (ANOVA for continuous variables, Chi-square test for categorical variables, p < 0.05).
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Table 2. Composition of the three lunches included in this study with the number of times each food was consumed in brackets.
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	Foods and Drinks
	Standard Lunch (Animal-Based Foods) (n = 91)
	Plant-Based Lunch (n = 81)
	Combination Lunch (n = 83)





	Animal-based
	
	
	



	 Brown wheat bread roll with 48+ Gouda cheese
	X (87)
	
	X (39)



	 White wheat bread roll with ham
	X (39)
	
	X (25)



	 White wheat bread roll with salami
	X (30)
	
	X (17)



	 Cow milk
	X (37)
	
	X (27)



	 Cow buttermilk
	X (29)
	
	X (22)



	Plant-based
	
	
	



	 Brown wheat bread roll with grilled vegetables and tomato tapenade
	
	X (74)
	X (58)



	 White wheat bread roll with hummus and beetroot
	
	X (57)
	X (39)



	 White wheat bread roll with vegetarian luncheon meat
	
	X (11)
	X (9)



	 Soy drink (sweetened)
	
	X (29)
	X (8)



	 Tap water
	
	X (26)
	X (9)



	 Currant bun
	X (81)
	X (61)
	X (58)



	 Fruit
	X (51)
	X (38)
	X (30)



	 Price per person (€) *
	5.30
	6.95
	7.75







* Price per person excluding taxes, based on lunch as offered by the caterer and not on actual food consumed.
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Table 3. Appreciation and tastiness for individual foods served as part of the three lunches.
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Standard Lunch (Animal-Based Foods) (n = 91)

	
Plant-Based Lunch (n = 81)

	
Combination Lunch (n = 83)




	
n *

	
Median Score (IQR)

	
n *

	
Median Score (IQR)

	
n *

	
Median Score (IQR)






	
Appreciation

	

	

	

	

	

	




	
Animal-based foods

	

	

	

	

	

	




	
 Brown wheat bread roll with 48+ Gouda cheese

	
74

	
7.0 (6.0–7.0)

	

	

	
36

	
7.0 (7.0–8.0)




	
 White wheat bread roll with ham

	
34

	
6.0 (5.0–7.0)

	

	

	
21

	
7.0 (7.0–8.0)




	
 White wheat bread roll with salami

	
27

	
6.0 (5.0–7.0)

	

	

	
16

	
7.0 (6.5–8.0)




	
 Cow milk

	
35

	
8.0 (7.0–8.0)

	

	

	
23

	
8.0 (7.0–9.0)




	
 Cow buttermilk

	
26

	
8.0 (7.0–8.0)

	

	

	
20

	
8.0 (8.0–8.0)




	
Plant-based foods

	

	

	

	

	

	




	
 Brown wheat bread roll with grilled vegetables and tomato tapenade

	

	

	
65

	
8.0 (7.0–8.0)

	
52

	
8.0 (7.8–9.0)




	
 White wheat bread roll with hummus and beetroot

	

	

	
55

	
8.0 (6.0–8.0)

	
33

	
8.0 (8.0–9.0)




	
 White wheat bread roll with vegetarian luncheon meat

	

	

	
10

	
7.0 (6.0–8.0)

	
8

	
7.0 (7.0–7.5)




	
 Soy drink (sweetened)

	

	

	
28

	
6.5 (5.0–8.0)

	
7

	
7.0 (6.0–9.0)




	
 Tap water

	

	

	
22

	
8.0 (6.0–10.0)

	
7

	
9.0 (8.0–10.0)




	
 Currant bun

	
74

	
7.0 (7.0–8.0)

	
54

	
7.0 (7.0–8.0)

	
47

	
8.0 (7.0–8.0)




	
 Fruit

	
38

	
8.0 (7.0–8.0)

	
34

	
8.0 (7.0–9.0)

	
18

	
8.0 (7.0–9.0)




	
Tastiness

	

	

	

	

	

	




	
Animal-based foods

	

	

	

	

	

	




	
 Brown wheat bread roll with 48+ Gouda cheese

	
70

	
7.0 (6.0–7.0)

	

	

	
36

	
7.0 (7.0–8.0)




	
 White wheat bread roll with ham

	
32

	
7.0 (6.0–7.0)

	

	

	
22

	
7.0 (7.0–8.0)




	
 White wheat bread roll with salami

	
26

	
6.5 (5.0–7.0)

	

	

	
15

	
7.0 (6.5–8.0)




	
 Cow milk

	
31

	
7.0 (7.0–9.0)

	

	

	
20

	
8.0 (7.0–9.0)




	
 Cow buttermilk

	
24

	
8.0 (7.0–8.0)

	

	

	
19

	
8.0 (7.0–8.0)




	
Plant-based foods

	

	

	

	

	

	




	
 Brown wheat bread roll with grilled vegetables and tomato tapenade

	

	

	
59

	
8.0 (6.0–8.0)

	
53

	
8.0 (7.0–8.0)




	
 White wheat bread roll with hummus and beetroot

	

	

	
51

	
7.0 (6.0–8.0)

	
35

	
8.0 (7.5–9.0)




	
 White wheat bread roll with vegetarian luncheon meat

	

	

	
9

	
7.0 (6.0–8.0)

	
8

	
7.0 (7.0–8.0)




	
 Soy drink (sweetened)

	

	

	
23

	
5.0 (2.0–6.0)

	
7

	
7.0 (6.0–8.0)




	
 Tap water

	

	

	
20

	
8.0 (6.0–10.0)

	
7

	
8.0 (8.0–10.0)




	
 Currant bun

	
71

	
7.0 (7.0–8.0)

	
50

	
8.0 (7.0–8.0)

	
43

	
8.0 (7.0–8.0)




	
 Fruit

	
36

	
8.0 (7.0–8.0)

	
29

	
8.0 (8.0–9.0)

	
16

	
8.0 (7.0–8.5)








IQR = interquartile range; * n = the number of people that rated the lunch product.
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Table 4. Environmental impact and nutrient content of food consumption per person for each of the three lunches.
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	Standard Lunch (Animal-Based Foods) (n = 91)
	Plant-Based Lunch (n = 81)
	Combination Lunch (n = 83)





	
	Median (IQR)
	Median (IQR)
	Median (IQR)



	GHG emission (kg CO2-eq)
	0.8 (0.7–0.9) a
	0.3 (0.3–0.4) b
	0.7 (0.5–0.9) c



	Land use (m2*year)
	0.7 (0.6–0.9) a
	0.4 (0.3–0.5) b
	0.6 (0.5–0.8) c



	Energy (kcal)
	545 (441–672) a
	481 (422–576) a
	613 (527–707) b



	Carbohydrates (g)
	67 (58–86) a
	68 (56–78) a
	79 (70–92) b



	Fat (g)
	16 (13–22) ab
	15 (12–17) a
	18 (16–23) b



	Saturated fat (g)
	8 (7–11) a
	2 (2–3) b
	7 (3–9) c



	Protein (g)
	27 (22–32) a
	19 (14–19) b
	27 (20–30) a



	Fiber (g)
	7 (6–8) a
	10 (9–12) b
	10 (8–12) b



	Calcium (mg)
	468 (310–506) a
	133 (108–253) b
	311 (236–490) c



	Sodium (mg)
	1182 (757–1322) a
	886 (655–1014) b
	1135 (1013–1400) a



	Zinc (mg)
	3 (3–4) a
	2 (1–2) b
	3 (2–3) a



	RAE (μg)
	116 (103–136) a,b
	107 (107–119) a
	123 (107–206) b



	Vitamin B1 (mg)
	0.2 (0.1–0.3) a
	0.2 (0.2–0.2) a
	0.2 (0.2–0.3) b



	Vitamin C (mg)
	24 (3–27) a
	31 (31–55) b
	31 (25–55) b







IQR = interquartile range; GHG = greenhouse gas, RAE = retinol activity equivalents; a,b,c Indicates significant differences between the three lunches, Mann–Whitney test (Bonferroni correction for multiple comparisons).
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