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Introduction: Diets that promote people’s health and environment-friendly are essential for achieving a sustainable society. Protein sources are the main contributors of greenhouse gas emissions (GHGE), and lower intakes of livestock meat and more intakes of poultry meat and legumes are recommended. Although Japanese consume less meat than other countries, it is unclear whether the GHGE of healthy Japanese meals is sufficient to solve climate change. In addition, most previous studies have focused on general household meals, not necessarily healthy meals. Therefore, we explored recommended food choices of protein sources in both healthy and environment-friendly meals.

Methods: We used data on healthy meals provided by retailers certified under the “Healthy Meal and Food Environment” Certification System. We first examined the number of main ingredients in the staple, main, and side dishes. We then compared the GHGE of meals with different combinations of main ingredients of main dishes (protein sources). To estimate the GHGE, we developed a database of GHGE per food weight for each food in the Standard Tables of Food Composition in Japan.

Results: Data on a total of 509 meals were considered in the analysis. The mean ± standard deviation of the total GHGE of one meal was 1044.7 ± 614.9 g-CO2 eq/650 kcal. The minimum and maximum values were 412.5 and 4268.5 g-CO2 eq/650 kcal, respectively. Regarding meat, chicken was more likely to be used in meals with low GHGE.

Discussion: The healthy meals with the lowest GHGE in this study had the potential to contribute to solving climate change. Although healthy meals in this study were created with the same nutrient level criteria, a large difference existed between the minimum and maximum GHGE and it depends on the choice of protein ingredients. The findings may be useful to develop food guide for Japanese taking environmental perspectives into account.
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1. Introduction

In future food choices, it is essential to consider not only people’s health, but also the global environment. Incorporating global environmental perspectives, the EAT-Lancet Committee has published guidelines for sustainable diets (Willett et al., 2019). They suggest a shift from an animal-based to a plant-based diet. For example, the guideline recommends 14 g of beef per day (Willett et al., 2019); this is a daily guideline, not for one meal, but per day. In addition, the EAT-Lancet guidelines are a uniform global policy, so each country needs to develop its own guidelines that take into account the health status and cultural background of the country (Willett et al., 2019). The Japanese Ministry of Agriculture, Forestry, and Fisheries (2022) has started to discuss the direction of future food guides based on the situation in other countries. The proposal was to add to the existing food guide “information that provides hints on specific food and ingredient choices in daily diets,” and to “quantitatively present such information using environmental indicators (Japanese Ministry of Agriculture, Forestry, and Fisheries, 2022).

One way to promote environmentally friendly food choices is to show the volume of greenhouse gas emissions (GHGE) contained in one meal (Japanese Ministry of Agriculture, Forestry, and Fisheries, 2022). The GHGE burden has been shown to vary widely among foods (Clune et al., 2017): vegetables, fruits, cereals (except rice), and pulses (including soybeans) have the lowest GHGE; eggs and non-ruminant livestock (fish, chicken, and pork) have medium GHGE; and ruminant livestock (sheep, cattle) have the highest GHGE. Meat has been shown to be the major source of GHGE emissions in the Japanese diet (Akenji et al., 2019; Sugimoto et al., 2021) and the factor that causes differences in GHGE emissions among household consumption (Koide et al., 2019; Li et al., 2022). Therefore, attention to the selection of protein sources may be important for reducing dietary GHGE.

A systematic review (Hallström et al., 2015) of the environmental impact reduction potential of dietary transformation included 12 studies that used GHGE as an environmental indicator and showed the GHGE reduction potential for each scenario compared with the reference diets in each study (the reference diets in most of the studies were estimated by using the average food intake in each country): vegan diet (no animal products, reduction potential: 25–55%), vegetarian diet (no meat products, 20–35%), ruminant replaced by non-ruminant (sheep and beef replaced by pork and chicken, 20–35%), and healthy diet (0–35%). Also, in examining meal levels, a meat-free diet reduced GHGE by up to 77% compared with the meat-containing diet (Ernstoff et al., 2019).

Previous studies in Japan have shown that the GHGE of diet or meals varied depending on the choice of protein source food groups (Ita et al., 2011; Sugimoto et al., 2021; Nakamura and Itsubo, 2022). However, the subjects of these previous studies were the average intake and model menus of the general population, not necessarily healthy meals. The average amount of protein source foods may differ between a typical family meal and a healthy meal. Therefore, understanding the environmentally desirable food choices and amounts of foods that serve as protein sources in healthy meals would enable us to propose both healthy and environmentally beneficial meals. However, to the best of our knowledge, no study has estimated GHGE in the Japanese healthy meals, and it is unclear whether the same food choices are recommended in healthy meals as in general household meals. The results of the comparison could also be applied to the development of food guidelines that incorporate environmental perspectives in Asian countries where rice is the staple food. This study follows the article that emphasizes the need to consider both health and environmental perspectives (Heller et al., 2013; Willett et al., 2019).

In Japan, the “Healthy Meal and Food Environment” Certification System was launched in 2018 to develop a healthy food environment (“Healthy Meal and Food Environment” Certification System, 2023a). It certifies retailers that continuously provide healthy meals in a healthy environment through restaurants, takeouts (bento), and office meal services. The meals provided by certified retailers are nutritionally balanced meals that meet certification standards (“Healthy Meal and Food Environment” Certification System, 2023b); therefore, the meals could serve as a model for Japanese healthy meals. Also, the meals include a staple, main, and side (SMS) dish (in this study, “dish” referred to a cuisine as part of a meal. For example, salad, grilled fish, omelet, and so on). SMS meals are a traditional style of Japanese cuisine. A higher frequency of SMS meals has been associated with a better intake of nutrients (Kurotani et al., 2018), and higher adherence to Japanese food guidelines that recommend SMS meals is associated with a lower risk of total mortality (Oba et al., 2009; Kurotani et al., 2016). Therefore, examining specific characteristics of these healthy Japanese SMS meals may provide useful insights for other countries. SMS dishes each have a main ingredient: for example, the main ingredient of main dishes are meat, fish, soybeans, and eggs (Yoshiike et al., 2007). The number of main ingredients per meal and the amount of each main ingredient serve as specific characteristics of a meal.

To promote diets that improve people’s health and are sustainable from the global environment perspective, we need to know what ingredients to choose in a meal. This study was conducted to provide basic data for developing food guidelines of a healthy meal with low environmental impact. We used data for healthy Japanese meals and (i) estimate GHGE of Japanese healthy meals and (ii) explored the main ingredients of main dishes (protein sources) in low-GHGE meals.



2. Materials and methods


2.1. Data collection

We used the dietary data for healthy meals provided by retailers certified under the “Healthy Meal and Food Environment” Certification System between 2018 and 2020 in Japan. The meals provided by certified retailers met certification standards. An English translation of the certification criteria is shown in Supplementary Table 1. The certification standards for the two patterns’ energy category are set as “More than 450 kcal and less than 650 kcal” and “More than 650 kcal and equal to or less than 850 kcal,” respectively. Each retailer registers more than one menu item. Certification is conducted by the Healthy Meal and Food Environment Consortium, which comprises multiple academic associations related to nutrition and disease.

We included all retailers certified by 2020 and collected dietary data from all businesses that provided consent to use the data. We collected data from application documents submitted by retailers. We obtained data for 602 meals (368 restaurant meals and 234 takeout meals) from 136 retailers (91 restaurants and 45 takeouts).

Prior to data collection, we asked the retailers through the certification system management office to indicate whether they approved the following condition related to the research data: “The contents of the application documents will be compiled and analyzed as a whole by the consortium or the secretariat, and presented publicly or at conferences, etc.” Those retailers who agreed to the same were included in the analysis. The Healthy Meal and Food Environment Consortium was informed of the use of the data from this survey and permission was obtained from them. Anonymous and statistical data collection was performed to ensure that individual retailers could not be identified, and efforts were made to protect personal information. As this study handled only dietary data, it was not subject to the Ethics Special Review Board of Ochanomizu University Biomedical Research.



2.2. Features of the meals: basic characteristics, nutrition quantity, and amount of food

The application documents submitted by the retailers included the retail sector, price, nutrition quantity, name of ingredients, and weight of ingredients in each meal. Because the nutrient calculation software differed among retailers, the researchers conducted nutrient calculations to unify them (Excel Eiyo-Kun ver. 8, Kenpakusha, Tokyo). The calculations were based on the food weight (g) of the ingredients reported by the retailers. Two researchers performed the nutritional calculations, and one researcher checked all the input data for any discrepancies with the data in the application documents of the retailers. After the nutritional calculations, the researchers confirmed that these nutritional quantities met the certification criteria.

In this study, the amount of food was calculated for each main ingredient of the SMS dishes. The definition of the main ingredients was based on the Japanese Food Guide Spinning Top (Japanese Ministry of Health Labour and Welfare, and Ministry of Agriculture, Forestry, and Fisheries, 2005; Yoshiike et al., 2007): main ingredients of staple dish (cereals); main ingredients of main dish [meat, fish and seafood (fish), soybeans, and eggs]; main ingredients of side dishes (vegetables, potatoes, mushrooms, and seaweed); and others (sugar, other beans, nuts, fat and oils, confectionary, beverage, and seasoning). In general, the main ingredients of these food groups were consistent with those in the Standard Tables of Food Composition in Japan (STFCJ; Japanese Ministry of Education, Culture, Sports, Science and Technology, 2015). As an exception, pulses were divided into soybeans and other beans because only soybeans are considered a main ingredient of main dishes.

In the data regarding the weight of ingredients submitted by the retailers, some of the same foods had different forms such as “raw” or “boiled.” Therefore, we unified the food weights before calculating the amount of food, using the method described in the National Health and Nutrition Survey (Japanese Ministry of Health, Labour and Welfare, 2019). Briefly, food weights were standardized to the steamed weight for rice, boiled weight for noodles, soaked weight for dried foods, and raw weight for all other ingredients.



2.3. The number of main ingredients of the SMS dishes

The main ingredients of the SMS dishes were defined based on the Japanese food guide. The main ingredients of each dish were as follows: staple dish—cereal; main dish—meat, fish, soybeans, eggs; and side dish—vegetables, potatoes, mushrooms, and seaweed. Of these food groups, we counted the number of main ingredients in the SMS dishes. According to a previous study (Torheim et al., 2003) that counted the number of foods, the criterion was to use at least 0.1 g of each food group per meal.



2.4. Main ingredients for main dishes (protein sources)

The main ingredients of the main dishes were further classified into the following eight protein sources: beef, pork, chicken, other livestock meat (other meat), processed meat products (ham), fish, soybeans, and eggs. Meat was divided into subcategories (beef, pork, chicken, other meat, and ham) because of the differences in the GHGE burden of this food group (Clune et al., 2017; Sugimoto et al., 2021).



2.5. Calculation of dietary GHGE

To estimate the GHGE of meals, we developed a database of GHGE per food weight (g-CO2 eq/g) for each of the foods in the STFCJ.

The method for creating the database was similar to the method described by Sugimoto et al. (2021) for creating the database for the production price-based Global Link Input–Output (GLIO) model. In their study, Sugimoto et al. (2021) created databases using three methods and compared them, and stated that the production price-based GLIO model method might be more valid than the other methods (literature-based method and consumption price-based GLIO model method).

Given the use of retailers’ meals in this study, many processed foods were not included in the STFCJ, and it was not possible to distinguish between cultured and natural fish. Therefore, we developed a new database with the aim of creating data for foods not listed in the STFCJ and data that take the production ratio of cultured and natural fish into account.

The method for creating the database has been described in detail by Sugimoto et al. (2021). Briefly, the database was developed through the following steps:

Step 1—Collection of unit production cost data: Collect unit production cost data for food commodities from the Table of Domestic Products (TDP) by Sector and Commodity 2005 (Japanese Ministry of Internal Affairs and Communications, 2005a).

Step 2—Supplementation of unit production cost data: For commodities for which unit production costs could not be collected in Step 1, data on production volume and production value were collected from national statistical data to calculate unit production costs. The statistical data used in this study are listed in Supplementary Table 2. For commodities for which unit production costs could not be collected in Step 1, data on production volume and production value were collected from national statistical data to calculate unit production costs (Japanese Ministry of Internal Affairs and Communications, 2005b; Japanese Ministry of Agriculture, Forestry and Fisheries, 2005a,b,c,d,e,f).

Step 3—Linking foods in the STFCJ to commodities in the TDP: For all foods in the STFCJ and all foods used in meals in this study, the food commodities in the TDP were linked. The rules for this link are based on those of Sugimoto et al. (2021).

Step 4—Calculation of unadjusted GHGE: The unit cost of the linked commodities was multiplied by the emission intensity of the commodities to obtain the GHGE (g-CO2 eq/g) per food weight for each food product. The emission intensity was obtained by downloading the GLIO model values from the website of the Embodied Energy and Emission Intensity Data for Japan Using Input–Output Tables (National Institute for Environmental Studies, 2012). Nansai et al. (2012) have described a method for setting emission intensity.

Step 5—Calculation of the adjusted GHGE: The GHGE obtained in Step 4 was adjusted according to the food disposal and weight change rates. The disposal rate and weight change rates were obtained from the STFCJ.

In particular, the following special measures were used for foods in the STFCJ tied to multiple commodities:

• Chestnuts: For the two commodities tied to fruit and forestry specialties, the average GHGE was used.

• Leachate (tea, coffee): Adjusted GHGE values based on the ingredients (e.g., tea leaves) and water content in the STFCJ were used. For example, according to the STFCJ, green tea leachate can be prepared using 10 g of tea leaves in 430 mL of hot water. Therefore, the GHGE value of “green tea leachate” was determined by taking the average GHGE of “green tea (TDP commodity code 1129011101)” multiplied by 10/440 and the GHGE of “green tea beverage (TDP commodity code 1129021301).” Sugimoto et al. (2021) applied this method for tea and coffee, and it was also used for dashi (Japanese soup stock) in this study.

• Processed food: The GHGE was calculated assuming that the food was made from the ingredients. In this study, the recipes for processed foods in the STFCJ were used as a reference. Based on the total weight of the processed food, the GHGE per unit weight of processed food (g-CO2 eq/g) was calculated.

• Fish and seaweed: Some fish and seaweed are tied to two or more of the following sectors in Step 3: marine fisheries, inland fisheries, marine aquaculture, and inland aquaculture. Sugimoto et al. (2021) used average GHGE values for multiple commodities. However, several fish species were biased toward one type of fishery. Therefore, in this study, the ratio of production for each type of fishery was determined and used to adjust the GHGE values. For example, “yellowtail” was tied to two commodities: “yellowtail (TDP commodities code 171011112)” for marine fishery and “yellowtail (TDP commodity code 311041102)” for marine aquaculture, with a 3:7 production ratio between these two items (Japanese Ministry of Agriculture, Forestry and Fisheries, 2005d). Therefore, the GHGE value for “yellowtail” was determined as the GHGE of “yellowtail” in marine fishery × 0.3 + the GHGE of “yellowtail” in marine aquaculture × 0.7. Adjustments were made for horse mackerel, ayu, carp, eel, salmon, flounder, pufferfish, yellowtail, bora, scallops, other shellfish, prawn, kelp, wakame seaweed, and other seaweed.

In addition to the GLIO model, the emission intensity of 3EID (Embodied Energy and Emission Intensity Data for Japan Using Input–Output Tables) is available. The most recent update of the GLIO model was in 2005, which is older than the 3EID model, which was updated in 2015. However, the 3EID assumes that all food is produced domestically, whereas the GLIO model can account for food production systems outside Japan in its calculations. Because Japan relies on imports for food (Japanese Ministry of Agriculture, Forestry and Fisheries, 2021) and it has been reported that the GHGE load of food varies widely by country of production (Clune et al., 2017), the emission intensity of the GLIO model was used in this study.

Although the STFCJ was revised in 2020 in Japan, this study used the revised STFCJ in 2015. This is because the healthy meals used in this study were nutritionally calculated and certified under the STFCJ revised in 2015. Supplementary Table S3 shows the number of foods in the completed database and the representative values of the GHGE by food group.



2.6. Data analysis

All statistical analyses were performed using SPSS ver. 27.0. Categorical variables were described as distribution and continuous variables were described as mean ± standard deviation. The amount of food in and the GHGE from the meals was adjusted to 650 kcal. Analysis of the GHGE and the amount of food of meals with different protein sources was performed only for the meal that had the greatest number of combinations of the number of main ingredients in each of the SMS dishes.




3. Results

Of the 602 meals for which dietary data were received, meals with missing data on the amount of ingredients and meals with overlapping menus among retailers were excluded; therefore, data on 509 meals were included in the analysis (analysis coverage, 84.6%).


3.1. Basic characteristics of the meals

The basic characteristics of the meals are listed in Table 1. The meals in this study were healthy and met the certification criteria. The criteria values for energy, fat, protein, and carbohydrate are presented as ranges in Supplementary Table 1. The nutritional quantity of meals in this study was approximately equal to the midpoint values of the criteria.



TABLE 1 Basic characteristics of diets included in this study (n = 509).
[image: Table2]



3.2. The number of main ingredients of the SMS dishes

The meals used in this study included SMS dishes and could be used as a model for healthy meals. We examined the number of main ingredient foods used in each of the SMS dishes in the meals. The results are shown in Table 1. There were 508 (99.8%) meals with one main ingredient as the staple food. Meals with one, two, three, or four main ingredients in the main dishes numbered 71 (13.9%), 218 (42.8%), 133 (26.1%), and 87 (17.1%), respectively. Meals with one, two, three, or four main ingredients in the side dishes numbered 41 (8.1%), 147 (28.9%), 210 (41.3%), and 111 (21.8%), respectively.



3.3. Mean, minimum, and maximum value of GHGE in all meals in the analysis

In this study, we estimated the GHGE of meals by developing a database of production price-based GLIO models, using a method similar to that of Sugimoto et al. (2021). The mean dietary GHGE in this study was 1044.7 g-CO2 eq/650 kcal. The minimum and maximum values were 412.5 and 4268.5 g-CO2 eq/650 kcal, respectively. The protein sources of the meals with the minimum GHGE were “fish, meat (chicken), soybeans” (GHGE: 129.3, 15.8, and 5.7 g-CO2 eq/650 kcal, respectively). The protein sources of the meals with the maximum GHGE were “meat (beef), fish, eggs” (GHGE: 1833.5, 1159.1, and 10.9 g-CO2 eq/650 kcal, respectively). Other meals with low GHGE used more chicken, while those with high GHGE used more beef.



3.4. GHGE of meals with different protein sources

Table 2 shows the differences in GHGE among meals with different protein sources. Table 2 lists the number of protein source ingredients in descending order; the GHGE of meals with more than 10% of combinations is shown first, and the GHGE of meals with less combinations is shown below in each number of protein source ingredients group.



TABLE 2 Greenhouse gas emissions (g-CO2 eq/650 kcal) according to protein sources among Japanese healthy meals (n = 509).
[image: Table1]

The mean GHGE for one, two, three, or four protein sources were 882.0, 1013.3, 1099.2, and 1172.8 g-CO2 eq/650 kcal, respectively, and the GHGE tended to increase as the number of protein sources increased. Among the most common (more than 10% of each number of protein source ingredients group) meals with one protein source, the protein source was “meat (chicken),” “meat (pork),” and “fish” (GHGE [g-CO2 eq/650 kcal]: 688.0, 862.6, and 1093.7, respectively), in order from lowest to highest GHGE. In meals with two protein sources, the protein sources were “fish, soybeans” and “fish, eggs” (GHGE: 1072.8 and 1202.5, respectively). In meals with three protein sources, the protein sources were “fish, meat (chicken), soybeans” and “fish, soybeans, eggs” (GHGE: 712.1 and 1272.9, respectively). In meals with four protein sources, the protein sources were “fish, meat (pork), eggs, soybeans” “fish, meat (chicken), soybeans, eggs” and “meat (beef, pork, chicken), fish, soybeans, eggs” (GHGE: 837.8, 941.3, and 1647.7, respectively).

Supplementary Table 4 shows the GHGE for each main ingredient of side dishes, with the mean GHGE for vegetables, potatoes, mushrooms, and seaweed being 145.2, 11.1, 33.7, and 12.8 g-CO2 eq/650 kcal, respectively.



3.5. Amount of food of meals with different protein sources

Table 3 shows the amount of food used in the same meal as in Table 2: the items are arranged in the same order as those in Table 2.



TABLE 3 Amount of food (g/650 kcal) according to protein sources among Japanese healthy meals (n = 509).
[image: Table3]

The mean amount of meat, fish, soybeans, and eggs were 41.4, 29.8, 15.5, and 10.2 g/650 kcal, respectively. “Meat (chicken)” was the meal with the lowest GHGE with one protein source, and the amount of chicken was 86.7 g/650 kcal. “Fish, soybeans” had the lowest GHGE of the meals with two protein sources, with 69.1 and 30.5 g/650 kcal of fish and soybeans used, respectively. “Fish, meat (chicken), soybeans” had the lowest GHGE among the meals with three protein sources, with 25.9, 55.8, and 24.9 g/650 kcal of fish, chicken, and soybeans, respectively. “Fish, meat (pork), eggs, soybeans” had the lowest GHGE among the meals with four protein sources, with fish, pork, eggs, and soybeans used at 29.4, 34.9, 17.7 and 19.0 g/650 kcal, respectively.

As for the main ingredients other than protein sources, the mean amount of cereals was 169.2 g/650 kcal (steamed weight for rice, boiled weight for noodles). Cereals included rice and wheat: 466 meals (91.6%) used rice, and 287 meals (56.4%) used wheat. Vegetables were used in all meals, and the mean amount was 167.1 g/650 kcal (Supplementary Table 5).




4. Discussion

This study aimed to examine desirable meals from two perspectives, namely, people’s health and the global environment, to develop food guidelines for sustainable diets in Japan. In particular, this study aimed to quantitatively demonstrate the differences in GHGE among different food choices in healthy meals. The results showed that despite using the same nutritional certification criteria, the GHGE of healthy meals varied greatly, depending on food choices. This study indicated that meals containing chicken may be desirable as a healthy meal that contributes to GHGE reduction.

In the present study, the minimum and maximum GHGE of a meal were 412.5 and 4268.5 g-CO2 eq/650 kcal, respectively, and a wide range of GHGE was observed among the meals. In previous studies, GHGE was compared between model meals of the general population (Ita et al., 2011; Ernstoff et al., 2019; Nakamura and Itsubo, 2022). In these previous studies, the maximum difference in GHGE between meals was about three times (the GHGE of a meatless meal showed a 77% reduction of GHGE compared with a meat-containing meal; Ernstoff et al., 2019). The present study showed a larger difference in GHGE between meals than previous studies. This difference may have been influenced by the fact that the meals used in this study were healthy meals, or due to differences in the comparison conditions (i.e., presence or absence of meat or combinations of protein sources). The type of meat was subdivided as a comparison condition in this study. This study implies that dietary GHGE may be more strongly influenced by the type of meat than by the occurrence of meat.

This study is possibly the first to estimate GHGEs for healthy meals in Japan, and the meals with the lowest GHGE in this study might be recommended for solving climate change; the previous study (Akenji et al., 2019) that examined the target amount of GHGE reduction to achieve the 1.5 degree goal for climate change reported that 67% GHGE reduction is needed for Japanese people from 2017 to 2030. Based on this previous study, the dietary GHGE as of 2017 was 1,400 kg-CO2 eq/capita/year, then we cloud estimate that Japanese people need to aim for about 462 kg-CO2 eq/capita/year, 1.3 kg-CO2 eq/person/day, and 422 g-CO2 eq/capita/meal. The minimum GHGE value in our study was 412.5 g-CO2 eq/meal, and approximately equal to the reduction target value. Therefore, the target value could be achieved by changing the food selection of protein sources.

In this study, chicken was found in meals with low GHGE, pork in meals with moderate GHGE, and beef and fish in meals with high GHGE. The results are consistent with previous studies that showed that meat and fish are the major sources of GHGE in the Japanese diet (Akenji et al., 2019; Sugimoto et al., 2021). The results were also consistent with previous studies that reported the GHGE load by food group (Sugimoto et al., 2021). Therefore, this study strengthened the evidence of recommendation of chicken-based meals for GHGE reduction, by the finding that they had the GHGE value that reaches the 1.5 degrees target for climate change. In addition, in this study, fish also appeared in some meals with low GHGE. Previous study has reported that different species of fish have different GHGE loads, for example, bluefish had a relatively low GHGE load (Clune et al., 2017). This may have influenced the result of this study. This study followed the food classification of Sugimoto et al. (2021) and therefore did not subdivide the species of fish, and few previous studies at meal-level have examined fish types separately and there were few references to fish species in existing food guides from other countries (Japanese Ministry of Agriculture, Forestry, and Fisheries, 2022). Future studies should examine fish species separately.

In this study, the GHGE of a meal tended to increase as the number of protein sources increased. This means that GHGE increased even when soybeans and eggs, which have a low GHGE load, were combined with meat and fish, which have a high GHGE load. Therefore, it may be possible to reduce the GHGE of a meal by reducing the number of protein sources.

The results that show the number of main ingredients in the SMS dishes may be used to support the preparation of healthy meals. For example, the use of three or more main ingredients for side dishes may have contributed to meeting the certification criterion which was used for the meals examined in this study (at least 140 g of vegetables including potatoes, mushrooms, and seaweed). In previous studies, although potatoes, mushrooms, and seaweed were excluded, young children with a high vegetable intake consumed five or more types of vegetables in one meal, indicating that the number of foods may be used as an indicator of high vegetable intake (Yoshii et al., 2021).

This study created a database of GHGE and calculated dietary GHGE in roughly the same manner as Sugimoto et al. (2021). As a result, the GHGE of meals in our study was lower than the daily GHGE of healthy Japanese adults reported by Sugimoto et al. (2021, 2022). The difference in the GHGE values may have been influenced by differences in the completed databases. Also, compared to the average food intake of the Japanese population reported in the National Health and Nutrition Survey (Japanese Ministry of Health, Labour and Welfare, 2019), the meals in this study had more cereals and vegetables. For example, the percentage of the weight of cereals in the total weight of one meal was 29.7% in this study and 20.1% for Japanese aged 20 years and older (Japanese Ministry of Health, Labour and Welfare, 2019). So, it is assumed that the meals considered in this study were more plant-based than those of the general household, and this may have caused the difference between the GHGE values.

In conclusion, the healthy meals with the lowest GHGE in this study reached the target value for solving climate change. Meals with low GHGE were characterized by the use of chicken, consistent with previous studies. Since the study suggested that fish may contribute to GHGE reduction depending on the species, future studies of meals with low GHGE should subdivide the species of fish.


4.1. Limitations

Despite the importance of its findings, this study has some limitations. First, the number of meals of some combinations of protein sources was small. Therefore, only common combinations were focused on, and the number of combinations treated was limited. Moreover, the meals were served by restaurants and takeout (bento) retailers. Therefore, the results of this study may not be generalizable to meals of the general public. In addition, only one environmental indicator, GHGE, was used in this study. However, this study used an indicator of climate change, which is a typical environmental issue. Moreover, in previous studies using nitrogen footprints, healthy meals with a high nitrogen footprint used more pork and beef (Sameshima et al., 2022), which was consistent with the characteristics of meals with high GHGE obtained in this study. Importantly, this study quantitatively showed that GHGE differed considerably among meals with different protein sources to include environmental perspectives in the food guidelines. Future studies should undertake similar investigations with larger sample sizes, consider food use in average households, and examine other environmental indicators.
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Protein sources Total/Meal  staple® Main dish Side dish®  Fruits

Meat

Pork Chicken Othermeat Ham Soy-beans  Eggs

All

509 569.9 1692 414 53 158 188 06 09 28 155 102 1999 05 78 856

Number of main ingredients of main dishes (protein sources):

All 71 5880 167.4 529 20 152 35 15 06 2.1 76 00 213 145 163 829
Meat (chicken) 2 6499 1738 867 00 00 86.7 00 00 00 00 00 2354 124 311 1105
Meat (pork) i 5279 180.5 816 [T 00 00 0.0 00 00 00 2041 159 00 458
Fish 19 5773 165.0 00 00 00 00 00 00 938 00 00 2038 166 19 862
Meat (ham, chicken, and pork) 1 5013 2122 233 00 10 194 00 29 00 00 00 2356 00 0 92
Soybeans 6 5718 169.4 0.0 00 00 00 00 00 00 90.0 00 2202 93 | 00 829
Meat (pork, chicken) 1 4785 168.6 835 00 751 83 00 00 00 00 00 2022 00 00 241

Meat (ham, chicken) 3 5423 1508 831 00 00 727 00 104 00 00 00 1905 450 07 | 723
Meat (beef, pork) 1 5760 1287 65.4 215 440 00 00 0.0 00 00 00 3057 536 00 25
Meat (other meat, chicken) 1 7203 1638 1003 00 00 547 45.6 00 00 00 00 2032 03 743 1784
Meat (beef, pork, other meat, and ham) 2 5005 139 659 07 153 00 153 45 00 00 00 2869 00 | 36 304
Meat (beef, pork, and other meat) 2 5213 1130 609 05 152 00 152 00 00 00 00 267.1 00 | 497 | 307

Number of main ingredients of main dishes (protein sources): 2

All 28 5726 1715 379 10 164 166 00 08 33 122 98 2028 69 872
Fish, soybeans 3 649.1 1668 00 00 00 00 00 00 69.1 305 00 2113 us | 20 1246
Fish, egas 37 5269 1650 00 00 00 00 00 00 782 00 214 1735 25 16 | 615
Meat (chicken, ham), soybeans 1 230 1803 816 0w 00 789 00 26 00 88 00 1247 0w 00 276
Meat (chicken), eggs 19 5098 1683 583 0w 00 583 00 00 00 00 371 1778 67 65 551

Meat (chicken, pork), fish 2 5284 1931 028 00 88 940 00 00 08 00 00 2008 00 00 08
Meat (pork, chicken), eggs 1 595.1 1794 784 00 582 202 00 00 00 00 39 1128 186 00 1719
Meat (chicken), soybeans 1 6007 190.1 679 00 00 679 00 00 00 00 00 2198 20 06 803
Meat (ham, chicken), fish 4 5027 1474 365 0w 00 308 00 57 2. 00 00 2544 00 90 29
Meat (pork, chicken), soybeans 4 5406 1745 70 00 397 33 00 00 00 376 00 1612 04 92 849
Soybeans, eggs 4 5952 1618 00 0w 00 00 00 00 00 741 17.7 283 174 269 690
Fish, meat (chicken) 15 5837 1754 631 0w 00 631 00 00 255 00 00 2149 122 186 740
Meat (pork), eggs 6 6245 1780 752 00 752 00 00 00 00 00 124 2140 129 00 1320
Meat (pork), soybeans 18 6123 1735 718 00 718 00 00 00 00 26 00 2021 u7 00 1276
Meat (pork, ham), eggs 6 5173 168.1 827 00 753 00 00 74 00 00 19 1910 07 53 577
Meat (ham), soybeans 1 597.4 1947 214 00 00 00 00 214 00 1498 00 1845 00 107 364
Fish, meat (pork) 19 6225 169.0 395 00 395 00 00 00 346 00 00 2207 07 63 1517
Meat (beef, ham, and pork), eggs 1 4292 1552 587 n2 00 371 00 104 00 00 152 1287 a1 22 480
Meat (pork, ham), soybeans 1 6782 1603 973 00 962 00 00 L1 00 297 00 1613 40 21 1936
Meat (beef, ham, chicken, and pork), fish 2 5339 1616 28 120 49 207 00 52 322 00 00 1989 L 12 962
Meat (ham), eggs 1 5802 804 121 0w 00 00 00 121 00 00 352 1475 442 1959 740
Fish, meat (ham) 5 539.1 1739 68 00 00 00 00 68 887 00 00 2009 25 168 494
Meat (beef, ham), eggs 1 5069 2001 27 w3 00 00 00 55 00 00 182 1865 00 182 512
Meat (beef, pork), egg n 509.4 1767 465 | 275 189 00 00 00 00 00 320 189.1 BBy sl

Fish, meat (pork, ham) 2 5302 1968 516 00 435 00 00 8.1 566 00 00 2069 00 00 183
Meat (beef, pork), fish 2 5205 1564 u9 | 47 | 01 00 00 00 494 00 00 1843 01 38 | 6L6
Meat (beef), fish 4 5059 2003 452 452 00 00 00 00 324 00 00 1865 30 00 385
Meat (beef), eggs 1 14982 1719 984 | 984 00 00 00 00 00 00 57 1789 05 18 30
Meat (beef), soybeans 2 6485 1585 873 873 00 00 00 00 00 60 00 2053 26 | 262 1625

Number of main ingredients of main dishes (protein sources): 3

All 133 5738 1695 444 51179 19.1 17 07 23 214 126 1964 99 73 890
Fish, meat (chicken), and soybeans 18 5706 1739 558 00 00 5558 00 00 259 29 00 1826 ns o1 91
Fish, soybeans, and eggs 18 627.0 1808 00 0w 00 00 00 00 592 310 159 2010 87 91 1212
Fish, meat (ham, chicken), and soybeans 4 14675 1655 203 0w 00 136 00 67 475 279 00 1650 00 72 M1
Meat (pork, chicken), fish, and eggs 1 5000 1912 471 00 18 353 00 00 106 00 82 1803 24 32 91
Meat (chicken, ham), fish, and eggs 4 507.4 1689 68.4 00 00 643 00 42 185 00 90 2070 00 26 330
Meat (pork, chicken), eggs, and soybeans 2 5276 1996 793 00 365 428 00 00 00 s 182 1649 00 00 87
Meat (other meat), soybeans, and eggs 4 4885 1634 553 00 00 00 553 00 00 416 47 1890 00 00 46
Fish, meat (chicken), and eggs 9 854 1656 460 00 00 460 00 00 231 00 142 1903 1285 365
Meat (chicken), soybeans, and eggs 7 566.1 1660 740 00 00 740 00 00 00 283 142 1973 3 85 666
Meat (beef, pork), fish, and eggs 3 4937 1815 21 83 137 00 00 00 368 00 27 1622 00 04 &9
Meat (pork), soybeans, and eggs n 563.1 1657 629 00 629 00 00 00 00 276 155 1868 3878 900
Meat (pork, chicken), fish, and soybeans 3 5195 1774 662 00 500 162 00 00 70 521 00 1959 ns 00 1
Meat (pork, ham), soybeans, and eggs 5902 1812 504 00 410 00 00 93 00 93 93 2797 252 00 350
Fish, meat (pork), and eggs 12 565.2 1548 4038 00 408 00 00 00 s 00 296 2008 155 161 960
Meat (beef, pork, and chicken), fish, and eggs 1 4736 1333 721 14 3 144 00 00 176 00 14 2049 00 17 305
Meat (beef; pork, and chicken), eggs, and 5945 1589 652 | 273 241 139 00 00 00 22 182 1825 00 62 413
soybeans

Meat (beef), eggs, and soybeans 1 6127 2042 340 340 00 00 00 00 00 23 454 1588 00 00 1980
Fish, meat (ham, pork), and eggs 2 5745 160.4 159 00 86 00 00 73 9.4 00 367 2056 47 | 43 974
Fish, soybeans, and meat (ham) 1 7174 1788 13 00 00 00 00 13 858 31 00 1550 45 38 232
Fish, meat (pork), and soybeans 8 6089 1690 399 00 399 00 00 00 329 559 00 1944 02 00 166
Fish, eggs, and meat (ham) 1 5324 1572 41 0w 00 00 00 41 678 00 320 1515 a1 32 846
Meat (beef, chicken), fish, and eggs 1 6312 1763 59 507 00 43 00 00 590 00 294 2620 25 00 471
Meat (beef, pork), soybeans, and eggs 9 707.9 1769 655 | 328 328 00 00 00 00 28 50 2652 502 66 1137
Meat (beef), fish, and eggs 1 590.6 682 62 682 00 00 00 00 170 00 68 2369 625 375 734
Number of main ingredients of main dishes (protein sources): 4

Al 87 5421 1644 362 IERNTE) 19 00 14 349 211 155 1802 72 38 788
Fish, meat (pork), eggs, and soybeans 15 5620 1614 349 00 349 00 00 00 2.4 190 17.7 1820 99 34 1043
Fish, meat (chicken), soybeans, and cggs 17 557.7 1584 254 0w 00 254 00 00 55 210 192 1776 90 61 974
Meat (beef; pork, and chicken), ish, soybeans, 17 5378 1615 454 30 53 9.1 00 00 33 120 98 1953 51 15 741
and eggs

Eggs, fish, meat (ham), and soybeans 2 4836 1418 s 0w 00 00 00 s 0.4 66 636 1624 72 329
Meat (pork, ham), soybeans, fish, and eggs 1 5625 1476 217 00 174 00 00 43 69 477 87 244 B4 87 534
Meat (ham, beef, pork, and chicken), fish, 2 4639 1852 313 19 63 157 00 73 28 62 41 1723 o280 281
soybeans, and eggs

Fish, meat (chicken, ham), soybeans, and eggs 6 4706 179.1 4238 00 00 376 00 52 243 160 138 1455 06 00 485
Meat (pork, ham, and chicken), fish, soybeans, 5 5275 1627 586 00 305 195 00 86 152 150 138 1880 “1 00 601
and eggs

Fish, meat (pork, chicken), eggs, and soybeans 8 509.4 1780 184 00 80 103 00 00 706 84 98 1516 09 15 704
Meat (beef, chicken), fish, eggs, and soybeans 2 4294 1623 07 23 00 74 00 00 506 121 162 180 56 00 38
Meat (beef), fish, soybeans, and eggs 6 5678 1723 333 353 00 00 00 00 158 656 261 1899 68 168 392
Meat (beef, pork), fsh, soybeans, and eggs 5 6702 1615 531 285 246 00 00 00 287 49.1 39 241 58 10 1430
Meat (beef, ham), fish, eggs, and soybeans 1 4999 1683 758 718 00 00 00 40 40 160 50 1917 00 80 283

The names of the combinations of protein sources describe from lef o right the used foods with the highest average greenhouse gas emissions (same order as Table 1).
Although this study included diets ranging from 450 to 850 kcal, amount of food was adjusted to 650 keal for the analysis

Cereals.

fegetables, potatoes, mushrooms, and seaveed.

‘Sugar,other beans, nuts,fat and oils, confectionary, beverages, and seasoning.
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OPS/images/fsufs-07-1232198-t001.jpg
Protein sources Total/Meal  staple! Main dish Sidedish® Fruits  Milk ~ Others’

Meat Soy-beans  Eggs

Chicken ~ Othermeat  Ham

Al
509 10447 1525 2559 1380 774 281 30 93 2469 253 183 2029 1. 1085
Number of main ingredients of main dishes (protein sources
Al 7 8820 1404 1941 545 754 500 71 72 1522 1 00 298 157 474 913
Meat (chicken) 2 6850 1339 1292 00 00 1292 00 00 00 00 00 288 197 810 754
Meat (pork) n 8626 162.1 4047 00 4047 00 00 00 00 00 00 2032 162 00 765
Fish 19 10937 1329 00 00 00 00 00 00 5688 00 00 2142 131561 1085
Meat (ham, chicken, and pork) 1 5012 179.1 660 00 8 289 00 323 00 00 00 1900 0w 73 88
Soybeans 6 5486 1225 00 00 00 00 00 00 00 1313 00 2080 108 00 761
Meat (pork, chicken) 1 7706 1577 3849 00 3725 124 00 00 00 00 00 1859 00 00 421
Meat (ham, chicken) 3 8114 2197 252 00 00 1081 00 1270 00 00 00 2205 69 38 95.4
Meat (beef, pork) 1 13261 1077 7974 5768 | 2205 00 00 00 00 00 00 3144 98 00 669
Meat (other meat, chicken) 1 13854 208 2985 00 00 814 27.1 00 00 00 00 1535 09 1026 6092
Meat (beef, pork, other meat, and ) 15166 967 026 856 761 00 75 9.4 00 00 00 3095 00 267 6L0
ham)
Meat (beef, pork, and other meat) 2 1548.1 959 9657 8193 755 00 710 00 00 00 00 318 00 907 640
Number of main ingredients of main dishes (protein sources):
All 28 10133 158.1 25 066 815 250 00 95 269.4 204 17.7 1934 129 w1 97
Fish, soybeans 3 10728 1404 00 00 00 00 00 00 540.1 521 00 2103 129 82 788
Fish, egas 37 12025 1670 00 00 00 00 00 00 7127 00 385 1570 61 62 950
Meat (chicken, ham), soybeans 1 5029 1630 1466 00 00 n74 00 2.1 00 157 00 1337 0w 00 39
Meat (chicken), eggs 19 5623 1538 892 00 00 892 00 00 00 00 6.1 1579 95 150 708
Meat (chicken, pork), fish 2 6511 1737 1836 00 37 1399 00 00 85 00 00 2319 0w 00 535
Meat (pork, chicken), eggs 1 6388 166.1 3186 00 2885 301 00 00 00 00 73 780 167 00 73
Meat (chicken), soybeans 14 6804 1564 1010 00 00 1010 00 00 00 704 00 2765 27 | 44 69.0
Meat (ham, chicken), fish 4 695.0 1298 129 00 00 459 00 670 984 00 00 2192 0w &5 32
Meat (pork, chicken), soybeans 4 7152 1443 264 00 1969 495 00 00 00 673 00 1559 02 70 6l
Soybeans, eggs 4 7282 1395 00 00 00 00 00 00 00 1300 36 2916 1. 351 86l
Fish, meat (chicken) 15 7764 1629 943 00 00 943 00 00 1266 00 00 2333 s 62 87
Meat (pork), eggs 6 8295 1845 3728 00 3729 00 00 00 00 00 23 1327 07 00 755
Meat (pork), soybeans 18 8633 1699 356.1 00 356.1 00 00 00 00 357 00 1752 1. 00 17
Meat (pork, ham), eggs 6 8842 1514 4693 00 3730 00 00 96.2 00 00 28 1539 20 129 729
Meat (ham), soybeans 1 9145 500 2369 00 00 00 00 2369 00 1647 00 2263 00 799 1266
Fish, meat (pork) 19 9298 1757 1960 00 1960 00 00 00 244 00 00 1790 187 1313
Meat (beef, ham, pork), eggs 1 9713 1405 316 3012 00 551 00 753 00 00 244 2199 08 27 1014
Meat (pork, ham), soybeans 1 10219 1442 4913 00 4768 00 00 145 00 531 00 86.1 123 777 | 1573
Meat (beef, ham, chicken, pork), fish 2 10595 1512 3739 2617 243 307 00 572 1653 00 00 2393 07 20 1270
Meat (ham), eggs 1 11818 3117 874 00 00 00 00 874 00 00 563 207.1 010 3066 1118
Fish, meat (ham) 5 12412 1552 822 00 00 00 00 822 6913 00 00 2060 80 207 778
Meat (beef, ham), eggs 1 13028 72 7943 7339 00 00 00 60.4 00 00 343 2042 00 als 1512
Meat (beef, pork), egg n 13593 1593 8342 7404 939 00 00 00 00 00 590 1526 127 574 84l
Fish, meat (pork, ham) 2 13899 1952 3114 00 258 00 00 956 6606 00 00 1969 00 00 259
Meat (beef, pork), fish 2 14540 1271 6658 6649 10 00 00 00 2943 00 00 1931 78 693 965
Meat (beef), fish 4 1996.0 1314 12151 12150 00 00 00 00 3829 00 00 189.1 97 00 679
Meat (beef), eggs 1 2088.8 1564 26455 26455 00 00 00 00 00 00 107 1098 04 165 496
Meat (beef), soybeans 2 4145 1530 2489 23489 00 00 00 00 00 68 00 1331 80 635 1012
Number of main ingredients of main dishes (protein sources): 3
Al 133 10992 1533 2539 1236 869 288 78 69 2589 347 27 2159 04 25 1270
Fish, meat (chicken), and soybeans' 18 7121 147.1 831 00 00 831 00 00 175.1 33 00 1773 96 04 764
Fish, soybeans, and eggs 18 12729 1457 00 00 00 00 00 00 7283 541 282 189.0 04 47 726
Fish, meat (ham, chicken), and 4 5773 1464 854 00 00 208 00 647 n7s 404 00 101 00 24 48
soybeans
Meat (pork, chicken), fish, and eggs 1 5918 1525 108 00 583 525 00 00 689 00 155 142.1 14 460 545
Meat (chicken, ham), fish, and eggs 4 6219 1462 1576 00 00 1135 00 441 729 00 160 1574 00 125 594
Meat (pork, chicken), eggs, and 2 663.1 1525 2148 00 1811 637 00 00 00 203 343 1653 0w 00 461
soybeans
Meat (other meat), soybeans, and 4 669.2 1553 2577 00 00 00 2577 00 00 493 87 1524 0w 00 458
eggs
Fish, meat (chicken), and eggs 9 6745 1689 685 00 00 685 00 00 1378 00 25 1904 29 161 654
Meat (chicken), soybeans, and eggs 7 7021 1495 10.1 00 00 101 00 00 00 508 28 253 107 736 574
Meat (beef, pork), fish, and eggs 3 7535 180.2 928 2246 682 00 00 00 541 00 376 1233 0w 27 626
Meat (pork), soybeans, and eggs n 7973 1483 3117 00 3117 00 00 00 00 4858 286 1480 56 181 882
Meat (pork, chicken), fish, and 3 897.4 1740 2723 00 2479 15 00 00 1574 586 00 1674 e 00 558
soybeans
Meat (pork, ham), soybeans, and 2 907.0 1533 2711 00 2034 00 00 67.7 00 259 176 3731 51 00 409
eggs
Fish, meat (pork), and eggs 12 9549 1365 2024 00 2024 00 00 00 204 00 548 1936 126 208 139
Meat (beef, pork, and chicken), fish, | 1 1437 1083 6241 3880 2146 25 00 00 623 00 28 2108 00 M9 706
and eggs
Meat (beef, pork, and chicken), 7 12049 1924 5779 4766 | 829 184 00 00 00 23 297 2545 00 163 1108
eggs, and soybeans
Meat (beef), eggs, and soybeans 1 14249 1837 9154 9154 00 00 00 00 00 41 854 1452 0w 00 9L
Fish, meat (ham, pork), and eggs 2 14794 1451 1020 00 426 00 00 593 8035 00 9.1 995 B2 193 277
Fish, soybeans, and meat (ham) 1 1504.2 1609 162 00 00 00 00 162 9234 592 00 134 138 866 1308
Fish, meat (pork), and soybeans 8 15392 14638 1978 00 1978 00 00 00 4711 100.1 00 5302 03 00 928
Fish, eggs, and meat (ham) 4 18605 1404 523 00 00 00 00 523 12320 00 58.1 2260 130 588 798
Meat (beef, chicken), fish, and eggs 1 22955 1435 13662 13616 00 45 00 00 3715 00 470 3222 1300 4338
Meat (beef, pork), soybeans, and egg 9 2367.6 159.1 02 8808 1624 00 00 00 00 355 93 3118 86 B8 7262
Meat (beef), ish, and eggs* 1 42685 2644 18335 18335 00 00 00 00 1159.1 00 109 3199 912 605 4960
Number of main ingredients of main dishes (protein sources): 4
All 87 nns 1473 3929 3071 543 17.1 00 145 2494 350 282 184.7 90 | 98 165
Fish, meat (pork), eggs, and 15 878 148.1 1728 00 1728 00 00 00 1765 325 331 1675 13O 77 864
soybeans
Fish, meat (chicken), soybeans, and 17 9413 1365 381 00 00 381 00 00 3511 359 31 2187 n2 154 1013
cggs
Meat (beef, pork, and chicken), fish, | 17 16477 1347 8186 8180 194 11 00 00 2773 29 162 2057 73 a1 1329
soybeans, and eggs
Eggs, fish, meat (ham), and 2 7114 101 905 00 00 00 00 904 192 160 1366 1226 125 36 693
soybeans
Meat (pork, ham), soybeans, fish, 1 7200 1327 1423 00 861 00 00 562 05 645 163 1810 47 20 770
and eggs
Meat (ham, beef, pork, and 2 7219 1583 1795 192 281 212 00 11 1475 104 76 1714 07 68 398
chicken), fish, soybeans, and eggs
Fish, meat (chicken, ham), 6 7355 1751 1004 00 00 561 00 443 216 29 23 123 1800 70.1
soybeans, and eggs
Meat (pork, ham, and chicken), ish, 5 8044 1449 2836 00 1469 270 00 1097 360 271 25 1946 1“3 00 503
soybeans, and eggs
Fish, meat (pork, chicken), eggs,and 8 8992 1611 532 00 392 140 00 00 612 75 188 1095 4 53 811
soybeans
Meat (beef, chicken), fish, eggs, and 2 15072 1916 679 6269 00 1.0 00 00 4881 27 265 767 106 00 502
soybeans,
Meat (beef), fish, soybeans, and eggs 6 17862 1662 9486 9486 00 00 00 00 1435 1154 482 2616 109 407 5L
Meat (beef, pork), fish, soybeans, 5 20202 1450 8887 7668 1219 00 00 00 148.7 675 72 250 45 | 53 5283
and eggs
Meat (beef, ham), fish, eggs, and 1 21099 1401 19747 19305 00 00 00 442 17.1 93 150 1993 0w 98 446
soybeans

The names of the combinations of protein sources describe from lef to right the used foods with the highest average greenhouse gas emissions.
Although this study included diets ranging from 450 to 850 keal, GHGE was adjusted to 650 Kcal for the analysis.

Cereals.

‘Vegetables, potatoes, mushrooms, and seaweed.

‘Sugar, other beans, nuts, fat and oils, confectionary, beverages, and seasoning,

‘Includes meals with the minimum GHGE per meal (412.5g-CO, eq/650kcal) in all meals in the analysis (GHGE of each food: 129.3,15.8, and 5.7 g-CO2 eq/650 kcal,respectively).
“The meal with the maximum GHGE per meal (4268.5g-CO; eq/650 kcal) in all meals in the analysis (GHGE of each food: 1833.5, 1159.1, and 109g-CO2 eq/650 keal, respectively).
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‘Based on the Japanese Food Guide Spinning Top, the main ingredients of dishes were
categorized into staple dishes (cereal); main dishes (meat,fish, soybeans, and eggs); and side
dishes (vegetables, potatoes, mushrooms, and seavweed).

‘meal consisting of starch noodles (potatoes) as a staple food.
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