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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 
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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 
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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).
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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.

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.
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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.

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.

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).

TABLE 1 Basic characteristics of diets included in this study (n  =  509).

All (n  =  509)

n %

Energy
450 ≦,  

< 650 kcal

264 51.9

650 ≦,  

< 850 kcal

245 48.1

Business sector Restaurant 316 62.1

Takeout (bento) 193 37.9

Number of 

main 

ingredients1

Staple dishes Nothing2 1 0.2

One ingredient 508 99.8

Main dishes One ingredient 71 13.9

Two 

ingredients

218 42.8

Three 

ingredients

133 26.1

Four 

ingredients

87 17.1

Side dishes One ingredient 41 8.1

Two 

ingredients

147 28.9

Three 

ingredients

210 41.3

Four 

ingredients

111 21.8

Mean ±SD

Price (JPY) 940 ± 549

Nutrition 

quantity

Energy (kcal) 658.2 ± 93.0

Protein (% Energy) 16.4 ± 2.1

Fat (% Energy) 25.7 ± 2.9

Carbohydrate (% Energy) 56.7 ± 3.5

Salt (g/650 kcal) 2.7 ± 0.5

1Based 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 seaweed).
2A meal consisting of starch noodles (potatoes) as a staple food.
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TABLE 2 Greenhouse gas emissions (g-CO2 eq/650  kcal) according to protein sources among Japanese healthy meals (n  =  509).

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat Fish Soy-beans Eggs

Total Beef Pork Chicken Other meat Ham

All

509 1044.7 152.5 255.9 138.0 77.4 28.1 3.0 9.3 246.9 25.3 18.3 202.9 12.0 22.3 108.5

Number of main ingredients of main dishes (protein sources): 1

All 71 882.0 140.4 194.1 54.5 75.4 50.0 7.1 7.2 152.2 11.1 0.0 229.8 15.7 47.4 91.3

Meat (chicken) 24 688.0 133.9 129.2 0.0 0.0 129.2 0.0 0.0 0.0 0.0 0.0 248.8 19.7 81.0 75.4

Meat (pork) 11 862.6 162.1 404.7 0.0 404.7 0.0 0.0 0.0 0.0 0.0 0.0 203.2 16.2 0.0 76.5

Fish 19 1093.7 132.9 0.0 0.0 0.0 0.0 0.0 0.0 568.8 0.0 0.0 214.2 13.1 56.1 108.5

Meat (ham, chicken, and pork) 1 501.2 179.1 66.0 0.0 4.8 28.9 0.0 32.3 0.0 0.0 0.0 190.0 0.0 7.3 58.8

Soybeans 6 548.6 122.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 131.3 0.0 208.0 10.8 0.0 76.1

Meat (pork, chicken) 1 770.6 157.7 384.9 0.0 372.5 12.4 0.0 0.0 0.0 0.0 0.0 185.9 0.0 0.0 42.1

Meat (ham, chicken) 3 811.4 219.7 235.2 0.0 0.0 108.1 0.0 127.0 0.0 0.0 0.0 220.5 36.9 3.8 95.4

Meat (beef, pork) 1 1326.1 107.7 797.4 576.8 220.5 0.0 0.0 0.0 0.0 0.0 0.0 314.4 39.8 0.0 66.9

Meat (other meat, chicken) 1 1385.4 220.8 298.5 0.0 0.0 81.4 217.1 0.0 0.0 0.0 0.0 153.5 0.9 102.6 609.2

Meat (beef, pork, other meat, and 

ham)
2

1516.6 96.7 1022.6 825.6 76.1 0.0 71.5 49.4 0.0 0.0 0.0 309.5 0.0 26.7 61.0

Meat (beef, pork, and other meat) 2 1548.1 95.9 965.7 819.3 75.5 0.0 71.0 0.0 0.0 0.0 0.0 331.8 0.0 90.7 64.0

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

All 218 1013.3 158.1 222.5 106.6 81.5 25.0 0.0 9.5 269.4 20.4 17.7 193.4 12.9 19.1 99.7

Fish, soybeans 34 1072.8 140.4 0.0 0.0 0.0 0.0 0.0 0.0 540.1 52.1 0.0 240.3 12.9 8.2 78.8

Fish, eggs 37 1202.5 167.0 0.0 0.0 0.0 0.0 0.0 0.0 712.7 0.0 38.5 157.0 26.1 6.2 95.0

Meat (chicken, ham), soybeans 1 502.9 163.0 146.6 0.0 0.0 117.4 0.0 29.1 0.0 15.7 0.0 133.7 0.0 0.0 43.9

Meat (chicken), eggs 19 562.3 153.8 89.2 0.0 0.0 89.2 0.0 0.0 0.0 0.0 66.1 157.9 9.5 15.0 70.8

Meat (chicken, pork), fish 2 651.1 173.7 183.6 0.0 43.7 139.9 0.0 0.0 8.5 0.0 0.0 231.9 0.0 0.0 53.5

Meat (pork, chicken), eggs 1 658.8 166.1 318.6 0.0 288.5 30.1 0.0 0.0 0.0 0.0 7.3 78.0 16.7 0.0 72.3

Meat (chicken), soybeans 14 680.4 156.4 101.0 0.0 0.0 101.0 0.0 0.0 0.0 70.4 0.0 276.5 2.7 4.4 69.0

Meat (ham, chicken), fish 4 695.0 129.8 112.9 0.0 0.0 45.9 0.0 67.0 98.4 0.0 0.0 249.2 0.0 67.5 37.2

Meat (pork, chicken), soybeans 4 715.2 144.3 246.4 0.0 196.9 49.5 0.0 0.0 0.0 67.3 0.0 158.9 0.2 37.0 61.1

Soybeans, eggs 4 728.2 139.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 130.0 33.6 291.6 12.3 35.1 86.1

(Continued)
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TABLE 2 (Continued)

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat Fish Soy-beans Eggs

Total Beef Pork Chicken Other meat Ham

Fish, meat (chicken) 15 776.4 162.9 94.3 0.0 0.0 94.3 0.0 0.0 126.6 0.0 0.0 233.3 14.5 61.2 83.7

Meat (pork), eggs 6 829.5 184.5 372.8 0.0 372.9 0.0 0.0 0.0 0.0 0.0 23.3 132.7 40.7 0.0 75.5

Meat (pork), soybeans 18 863.3 169.9 356.1 0.0 356.1 0.0 0.0 0.0 0.0 35.7 0.0 175.2 12.7 0.0 113.7

Meat (pork, ham), eggs 6 884.2 151.4 469.3 0.0 373.0 0.0 0.0 96.2 0.0 0.0 21.8 153.9 2.1 12.9 72.9

Meat (ham), soybeans 1 914.5 80.0 236.9 0.0 0.0 0.0 0.0 236.9 0.0 164.7 0.0 226.3 0.0 79.9 126.6

Fish, meat (pork) 19 929.8 175.7 196.0 0.0 196.0 0.0 0.0 0.0 234.4 0.0 0.0 179.0 1.8 11.7 131.3

Meat (beef, ham, pork), eggs 1 971.3 140.5 431.6 301.2 0.0 55.1 0.0 75.3 0.0 0.0 24.4 249.9 20.8 2.7 101.4

Meat (pork, ham), soybeans 1 1021.9 144.2 491.3 0.0 476.8 0.0 0.0 14.5 0.0 53.1 0.0 86.1 12.3 77.7 157.3

Meat (beef, ham, chicken, pork), fish 2 1059.5 151.2 373.9 261.7 24.3 30.7 0.0 57.2 165.3 0.0 0.0 239.3 0.7 2.0 127.0

Meat (ham), eggs 1 1181.8 311.7 87.4 0.0 0.0 0.0 0.0 87.4 0.0 0.0 56.3 207.1 101.0 306.6 111.8

Fish, meat (ham) 5 1241.2 155.2 82.2 0.0 0.0 0.0 0.0 82.2 691.3 0.0 0.0 206.0 8.0 20.7 77.8

Meat (beef, ham), eggs 1 1302.8 77.2 794.3 733.9 0.0 0.0 0.0 60.4 0.0 0.0 34.3 204.2 0.0 41.6 151.2

Meat (beef, pork), egg 11 1359.3 159.3 834.2 740.4 93.9 0.0 0.0 0.0 0.0 0.0 59.0 152.6 12.7 57.4 84.1

Fish, meat (pork, ham) 2 1389.9 195.2 311.4 0.0 215.8 0.0 0.0 95.6 660.6 0.0 0.0 196.9 0.0 0.0 25.9

Meat (beef, pork), fish 2 1454.0 127.1 665.8 664.9 1.0 0.0 0.0 0.0 294.3 0.0 0.0 193.1 7.8 69.3 96.5

Meat (beef), fish 4 1996.0 131.4 1215.1 1215.1 0.0 0.0 0.0 0.0 382.9 0.0 0.0 189.1 9.7 0.0 67.9

Meat (beef), eggs 1 2988.8 156.4 2645.5 2645.5 0.0 0.0 0.0 0.0 0.0 0.0 10.7 109.8 0.4 16.5 49.6

Meat (beef), soybeans 2 4114.5 153.0 2348.9 2348.9 0.0 0.0 0.0 0.0 0.0 6.8 0.0 133.1 8.0 63.5 1401.2

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

All 133 1099.2 153.3 253.9 123.6 86.9 28.8 7.8 6.9 258.9 34.7 22.7 215.9 10.4 22.5 127.0

Fish, meat (chicken), and soybeans4 18 712.1 147.1 83.1 0.0 0.0 83.1 0.0 0.0 175.1 43.3 0.0 177.3 9.6 0.4 76.4

Fish, soybeans, and eggs 18 1272.9 145.7 0.0 0.0 0.0 0.0 0.0 0.0 728.3 54.1 28.2 189.0 10.4 44.7 72.6

Fish, meat (ham, chicken), and 

soybeans

4 577.3 146.4 85.4 0.0 0.0 20.8 0.0 64.7 117.8 40.4 0.0 110.1 0.0 22.4 54.8

Meat (pork, chicken), fish, and eggs 1 591.8 152.5 110.8 0.0 58.3 52.5 0.0 0.0 68.9 0.0 15.5 142.1 1.4 46.0 54.5

Meat (chicken, ham), fish, and eggs 4 621.9 146.2 157.6 0.0 0.0 113.5 0.0 44.1 72.9 0.0 16.0 157.4 0.0 12.5 59.4

Meat (pork, chicken), eggs, and 

soybeans

2 663.1 152.5 244.8 0.0 181.1 63.7 0.0 0.0 0.0 20.3 34.3 165.3 0.0 0.0 46.1

(Continued)
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TABLE 2 (Continued)

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat Fish Soy-beans Eggs

Total Beef Pork Chicken Other meat Ham

Meat (other meat), soybeans, and 

eggs

4 669.2 155.3 257.7 0.0 0.0 0.0 257.7 0.0 0.0 49.3 8.7 152.4 0.0 0.0 45.8

Fish, meat (chicken), and eggs 9 674.5 168.9 68.5 0.0 0.0 68.5 0.0 0.0 137.8 0.0 24.5 190.4 2.9 16.1 65.4

Meat (chicken), soybeans, and eggs 7 702.1 149.5 110.1 0.0 0.0 110.1 0.0 0.0 0.0 50.8 24.8 225.3 10.7 73.6 57.4

Meat (beef, pork), fish, and eggs 3 753.5 180.2 292.8 224.6 68.2 0.0 0.0 0.0 54.1 0.0 37.6 123.3 0.0 2.7 62.6

Meat (pork), soybeans, and eggs 11 797.3 148.3 311.7 0.0 311.7 0.0 0.0 0.0 0.0 48.8 28.6 148.0 5.6 18.1 88.2

Meat (pork, chicken), fish, and 

soybeans

3 897.4 174.0 272.3 0.0 247.9 24.5 0.0 0.0 157.4 58.6 0.0 167.4 11.9 0.0 55.8

Meat (pork, ham), soybeans, and 

eggs

2 907.0 153.3 271.1 0.0 203.4 0.0 0.0 67.7 0.0 25.9 17.6 373.1 25.1 0.0 40.9

Fish, meat (pork), and eggs 12 954.9 136.5 202.4 0.0 202.4 0.0 0.0 0.0 220.4 0.0 54.8 193.6 12.6 20.8 113.9

Meat (beef, pork, and chicken), fish, 

and eggs

1 1143.7 108.3 624.1 388.0 214.6 21.5 0.0 0.0 62.3 0.0 2.8 240.8 0.0 34.9 70.6

Meat (beef, pork, and chicken), 

eggs, and soybeans

7 1204.9 192.4 577.9 476.6 82.9 18.4 0.0 0.0 0.0 23.3 29.7 254.5 0.0 16.3 110.8

Meat (beef), eggs, and soybeans 1 1424.9 183.7 915.4 915.4 0.0 0.0 0.0 0.0 0.0 4.1 85.4 145.2 0.0 0.0 91.1

Fish, meat (ham, pork), and eggs 2 1479.4 145.1 102.0 0.0 42.6 0.0 0.0 59.3 803.5 0.0 69.1 99.5 13.2 19.3 227.7

Fish, soybeans, and meat (ham) 1 1504.2 160.9 16.2 0.0 0.0 0.0 0.0 16.2 923.4 59.2 0.0 113.4 13.8 86.6 130.8

Fish, meat (pork), and soybeans 8 1539.2 146.8 197.8 0.0 197.8 0.0 0.0 0.0 471.1 100.1 0.0 530.2 0.3 0.0 92.8

Fish, eggs, and meat (ham) 4 1860.5 140.4 52.3 0.0 0.0 0.0 0.0 52.3 1232.0 0.0 58.1 226.0 13.0 58.8 79.8

Meat (beef, chicken), fish, and eggs 1 2295.5 143.5 1366.2 1361.6 0.0 4.5 0.0 0.0 371.5 0.0 47.0 322.2 1.3 0.0 43.8

Meat (beef, pork), soybeans, and egg 9 2367.6 159.1 1043.2 880.8 162.4 0.0 0.0 0.0 0.0 35.5 9.3 311.8 48.6 33.8 726.2

Meat (beef), fish, and eggs5 1 4268.5 264.4 1833.5 1833.5 0.0 0.0 0.0 0.0 1159.1 0.0 10.9 349.9 94.2 60.5 496.0

Number of main ingredients of main dishes (protein sources): 4

All 87 1172.8 147.3 392.9 307.1 54.3 17.1 0.0 14.5 249.4 35.0 28.2 184.7 9.0 9.8 116.5

Fish, meat (pork), eggs, and 

soybeans

15 837.8 148.1 172.8 0.0 172.8 0.0 0.0 0.0 176.5 32.5 33.1 167.5 13.0 7.7 86.4

Fish, meat (chicken), soybeans, and 

eggs

17 941.3 136.5 38.1 0.0 0.0 38.1 0.0 0.0 351.1 35.9 33.1 218.7 11.2 15.4 101.3

(Continued)
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TABLE 2 (Continued)

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat Fish Soy-beans Eggs

Total Beef Pork Chicken Other meat Ham

Meat (beef, pork, and chicken), fish, 

soybeans, and eggs

17 1647.7 134.7 848.6 818.0 19.4 11.1 0.0 0.0 277.3 21.9 16.2 205.7 7.3 3.1 132.9

Eggs, fish, meat (ham), and 

soybeans

2 711.4 110.1 90.5 0.0 0.0 0.0 0.0 90.4 119.2 16.0 136.6 122.6 12.5 34.6 69.3

Meat (pork, ham), soybeans, fish, 

and eggs

1 720.0 132.7 142.3 0.0 86.1 0.0 0.0 56.2 40.5 64.5 16.3 181.0 44.7 21.0 77.0

Meat (ham, beef, pork, and 

chicken), fish, soybeans, and eggs

2 721.9 158.3 179.5 49.2 28.1 21.2 0.0 81.1 147.5 10.4 7.6 171.4 0.7 6.8 39.8

Fish, meat (chicken, ham), 

soybeans, and eggs

6 735.5 175.1 100.4 0.0 0.0 56.1 0.0 44.3 221.6 28.9 25.3 112.3 1.8 0.0 70.1

Meat (pork, ham, and chicken), fish, 

soybeans, and eggs

5 804.4 144.9 283.6 0.0 146.9 27.0 0.0 109.7 36.0 27.1 23.5 194.6 14.3 0.0 80.3

Fish, meat (pork, chicken), eggs, and 

soybeans

8 899.2 161.1 53.2 0.0 39.2 14.0 0.0 0.0 461.2 7.5 18.8 109.5 1.4 5.3 81.1

Meat (beef, chicken), fish, eggs, and 

soybeans

2 1507.2 191.6 637.9 626.9 0.0 11.0 0.0 0.0 488.1 25.7 26.5 76.7 10.6 0.0 50.2

Meat (beef), fish, soybeans, and eggs 6 1786.2 166.2 948.6 948.6 0.0 0.0 0.0 0.0 143.5 115.4 48.2 261.6 10.9 40.7 51.1

Meat (beef, pork), fish, soybeans, 

and eggs

5 2020.2 145.0 888.7 766.8 121.9 0.0 0.0 0.0 148.7 67.5 7.2 225.0 4.5 5.3 528.3

Meat (beef, ham), fish, eggs, and 

soybeans

1 2409.9 140.1 1974.7 1930.5 0.0 0.0 0.0 44.2 17.1 9.3 15.0 199.3 0.0 9.8 44.6

The names of the combinations of protein sources describe from left to right the used foods with the highest average greenhouse gas emissions.
Although this study included diets ranging from 450 to 850 kcal, GHGE was adjusted to 650 kcal for the analysis.
1Cereals.
2Vegetables, potatoes, mushrooms, and seaweed.
3Sugar, other beans, nuts, fat and oils, confectionary, beverages, and seasoning.
4Includes meals with the minimum GHGE per meal (412.5 g-CO2 eq/650 kcal) in all meals in the analysis (GHGE of each food: 129.3, 15.8, and 5.7 g-CO2 eq/650 kcal, respectively).
5The meal with the maximum GHGE per meal (4268.5 g-CO2 eq/650 kcal) in all meals in the analysis (GHGE of each food: 1833.5, 1159.1, and 10.9 g-CO2 eq/650 kcal, respectively).
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TABLE 3 Amount of food (g/650  kcal) according to protein sources among Japanese healthy meals (n  =  509).

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat

Total Beef Pork Chicken Other meat Ham Fish Soy-beans Eggs

All

509 569.9 169.2 41.4 5.3 15.8 18.8 0.6 0.9 29.8 15.5 10.2 199.9 10.5 7.8 85.6

Number of main ingredients of main dishes (protein sources): 1

All 71 588.0 167.4 52.9 2.0 15.2 33.5 1.5 0.6 25.1 7.6 0.0 221.3 14.5 16.3 82.9

Meat (chicken) 24 649.9 173.8 86.7 0.0 0.0 86.7 0.0 0.0 0.0 0.0 0.0 235.4 12.4 31.1 110.5

Meat (pork) 11 527.9 180.5 81.6 0.0 81.6 0.0 0.0 0.0 0.0 0.0 0.0 204.1 15.9 0.0 45.8

Fish 19 577.3 165.0 0.0 0.0 0.0 0.0 0.0 0.0 93.8 0.0 0.0 203.8 16.6 11.9 86.2

Meat (ham, chicken, and pork) 1 501.3 212.2 23.3 0.0 1.0 19.4 0.0 2.9 0.0 0.0 0.0 235.6 0.0 1.0 29.2

Soybeans 6 571.8 169.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 90.0 0.0 220.2 9.3 0.0 82.9

Meat (pork, chicken) 1 478.5 168.6 83.5 0.0 75.1 8.3 0.0 0.0 0.0 0.0 0.0 202.2 0.0 0.0 24.1

Meat (ham, chicken) 3 542.3 150.8 83.1 0.0 0.0 72.7 0.0 10.4 0.0 0.0 0.0 190.5 45.0 0.7 72.3

Meat (beef, pork) 1 576.0 128.7 65.4 21.5 44.0 0.0 0.0 0.0 0.0 0.0 0.0 305.7 53.6 0.0 22.5

Meat (other meat, chicken) 1 720.3 163.8 100.3 0.0 0.0 54.7 45.6 0.0 0.0 0.0 0.0 203.2 0.3 74.3 178.4

Meat (beef, pork, other meat, and ham) 2 500.5 113.9 65.9 30.7 15.3 0.0 15.3 4.5 0.0 0.0 0.0 286.9 0.0 3.6 30.4

Meat (beef, pork, and other meat) 2 521.3 113.0 60.9 30.5 15.2 0.0 15.2 0.0 0.0 0.0 0.0 267.1 0.0 49.7 30.7

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

All 218 572.6 171.5 37.9 4.0 16.4 16.6 0.0 0.8 33.3 12.2 9.8 202.8 11.0 6.9 87.2

Fish, soybeans 34 649.1 166.8 0.0 0.0 0.0 0.0 0.0 0.0 69.1 30.5 0.0 241.3 14.8 2.0 124.6

Fish, eggs 37 526.9 168.0 0.0 0.0 0.0 0.0 0.0 0.0 78.2 0.0 21.4 173.5 22.5 1.6 61.5

Meat (chicken, ham), soybeans 1 423.0 180.3 81.6 0.0 0.0 78.9 0.0 2.6 0.0 8.8 0.0 124.7 0.0 0.0 27.6

Meat (chicken), eggs 19 509.8 168.3 58.3 0.0 0.0 58.3 0.0 0.0 0.0 0.0 37.1 177.8 6.7 6.5 55.1

Meat (chicken, pork), fish 2 528.4 193.1 102.8 0.0 8.8 94.0 0.0 0.0 0.8 0.0 0.0 200.8 0.0 0.0 30.8

Meat (pork, chicken), eggs 1 595.1 179.4 78.4 0.0 58.2 20.2 0.0 0.0 0.0 0.0 3.9 142.8 18.6 0.0 171.9

Meat (chicken), soybeans 14 600.7 190.1 67.9 0.0 0.0 67.9 0.0 0.0 0.0 40.0 0.0 219.8 2.1 0.6 80.3

Meat (ham, chicken), fish 4 502.7 147.4 36.5 0.0 0.0 30.8 0.0 5.7 32.4 0.0 0.0 254.4 0.0 9.0 22.9

Meat (pork, chicken), soybeans 4 540.6 174.5 73.0 0.0 39.7 33.3 0.0 0.0 0.0 37.6 0.0 161.2 0.4 9.2 84.9

Soybeans, eggs 4 595.2 161.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 74.1 17.7 228.3 17.4 26.9 69.0

Fish, meat (chicken) 15 583.7 175.4 63.1 0.0 0.0 63.1 0.0 0.0 25.5 0.0 0.0 214.9 12.2 18.6 74.0

(Continued)
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TABLE 3 (Continued)

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat

Total Beef Pork Chicken Other meat Ham Fish Soy-beans Eggs

Meat (pork), eggs 6 624.5 178.0 75.2 0.0 75.2 0.0 0.0 0.0 0.0 0.0 12.4 214.0 12.9 0.0 132.0

Meat (pork), soybeans 18 612.3 173.5 71.8 0.0 71.8 0.0 0.0 0.0 0.0 22.6 0.0 202.1 14.7 0.0 127.6

Meat (pork, ham), eggs 6 517.3 168.1 82.7 0.0 75.3 0.0 0.0 7.4 0.0 0.0 11.9 191.0 0.7 5.3 57.7

Meat (ham), soybeans 1 597.4 194.7 21.4 0.0 0.0 0.0 0.0 21.4 0.0 149.8 0.0 184.5 0.0 10.7 36.4

Fish, meat (pork) 19 622.5 169.0 39.5 0.0 39.5 0.0 0.0 0.0 34.6 0.0 0.0 220.7 0.7 6.3 151.7

Meat (beef, ham, and pork), eggs 1 429.2 155.2 58.7 11.2 0.0 37.1 0.0 10.4 0.0 0.0 15.2 128.7 21.1 2.2 48.0

Meat (pork, ham), soybeans 1 678.2 160.3 97.3 0.0 96.2 0.0 0.0 1.1 0.0 29.7 0.0 161.3 4.0 32.1 193.6

Meat (beef, ham, chicken, and pork), fish 2 533.9 161.6 42.8 12.0 4.9 20.7 0.0 5.2 32.2 0.0 0.0 198.9 1.1 1.2 96.2

Meat (ham), eggs 1 589.2 80.4 12.1 0.0 0.0 0.0 0.0 12.1 0.0 0.0 35.2 147.5 44.2 195.9 74.0

Fish, meat (ham) 5 539.1 173.9 6.8 0.0 0.0 0.0 0.0 6.8 88.7 0.0 0.0 200.9 2.5 16.8 49.4

Meat (beef, ham), eggs 1 506.9 200.1 32.7 27.3 0.0 0.0 0.0 5.5 0.0 0.0 18.2 186.5 0.0 18.2 51.2

Meat (beef, pork), egg 11 509.4 176.7 46.5 27.5 18.9 0.0 0.0 0.0 0.0 0.0 32.0 189.1 13.1 13.9 38.1

Fish, meat (pork, ham) 2 530.2 196.8 51.6 0.0 43.5 0.0 0.0 8.1 56.6 0.0 0.0 206.9 0.0 0.0 18.3

Meat (beef, pork), fish 2 520.5 156.4 24.9 24.7 0.1 0.0 0.0 0.0 49.4 0.0 0.0 184.3 10.1 33.8 61.6

Meat (beef), fish 4 505.9 200.3 45.2 45.2 0.0 0.0 0.0 0.0 32.4 0.0 0.0 186.5 3.0 0.0 38.5

Meat (beef), eggs 1 498.2 171.9 98.4 98.4 0.0 0.0 0.0 0.0 0.0 0.0 5.7 178.9 0.5 11.8 31.0

Meat (beef), soybeans 2 648.5 158.5 87.3 87.3 0.0 0.0 0.0 0.0 0.0 6.0 0.0 205.3 2.6 26.2 162.5

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

All 133 573.8 169.5 44.4 5.1 17.9 19.1 1.7 0.7 23.3 21.4 12.6 196.4 9.9 7.3 89.0

Fish, meat (chicken), and soybeans 18 570.6 173.9 55.8 0.0 0.0 55.8 0.0 0.0 25.9 24.9 0.0 182.6 11.3 0.1 96.1

Fish, soybeans, and eggs 18 627.0 180.8 0.0 0.0 0.0 0.0 0.0 0.0 59.2 31.0 15.9 201.0 8.7 9.1 121.2

Fish, meat (ham, chicken), and soybeans 4 467.5 165.5 20.3 0.0 0.0 13.6 0.0 6.7 47.5 27.9 0.0 165.0 0.0 7.2 34.1

Meat (pork, chicken), fish, and eggs 1 500.0 191.2 47.1 0.0 11.8 35.3 0.0 0.0 10.6 0.0 8.2 180.3 2.4 31.2 29.1

Meat (chicken, ham), fish, and eggs 4 507.4 168.9 68.4 0.0 0.0 64.3 0.0 4.2 18.5 0.0 9.0 207.0 0.0 2.6 33.0

Meat (pork, chicken), eggs, and soybeans 2 527.6 199.6 79.3 0.0 36.5 42.8 0.0 0.0 0.0 11.8 18.2 164.9 0.0 0.0 53.7

Meat (other meat), soybeans, and eggs 4 488.5 163.4 55.3 0.0 0.0 0.0 55.3 0.0 0.0 41.6 4.7 189.0 0.0 0.0 34.6

Fish, meat (chicken), and eggs 9 485.4 165.6 46.0 0.0 0.0 46.0 0.0 0.0 23.1 0.0 14.2 190.3 1.2 8.5 36.5

Meat (chicken), soybeans, and eggs 7 566.1 166.0 74.0 0.0 0.0 74.0 0.0 0.0 0.0 28.3 14.2 197.3 11.3 8.5 66.6

Meat (beef, pork), fish, and eggs 3 493.7 181.5 22.1 8.3 13.7 0.0 0.0 0.0 36.8 0.0 22.7 162.2 0.0 0.4 67.9

(Continued)
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TABLE 3 (Continued)

Protein sources n Total/Meal Staple1 Main dish Side dish2 Fruits Milk Others3

Meat

Total Beef Pork Chicken Other meat Ham Fish Soy-beans Eggs

Meat (pork), soybeans, and eggs 11 563.1 168.7 62.9 0.0 62.9 0.0 0.0 0.0 0.0 27.6 15.5 186.8 3.8 7.8 90.0

Meat (pork, chicken), fish, and soybeans 3 549.5 177.4 66.2 0.0 50.0 16.2 0.0 0.0 7.0 52.1 0.0 195.9 11.8 0.0 39.1

Meat (pork, ham), soybeans, and eggs 2 590.2 181.2 50.4 0.0 41.0 0.0 0.0 9.3 0.0 9.3 9.3 279.7 25.2 0.0 35.0

Fish, meat (pork), and eggs 12 565.2 154.8 40.8 0.0 40.8 0.0 0.0 0.0 11.5 0.0 29.6 200.8 15.5 16.1 96.0

Meat (beef, pork, and chicken), fish, and eggs 1 473.6 133.3 72.1 14.4 43.3 14.4 0.0 0.0 17.6 0.0 1.4 204.9 0.0 13.7 30.5

Meat (beef, pork, and chicken), eggs, and 

soybeans

7 594.5 158.9 65.2 27.3 24.1 13.9 0.0 0.0 0.0 22.2 18.2 182.5 0.0 6.2 141.3

Meat (beef), eggs, and soybeans 1 642.7 204.2 34.0 34.0 0.0 0.0 0.0 0.0 0.0 2.3 45.4 158.8 0.0 0.0 198.0

Fish, meat (ham, pork), and eggs 2 574.5 160.4 15.9 0.0 8.6 0.0 0.0 7.3 49.4 0.0 36.7 205.6 4.7 4.3 97.4

Fish, soybeans, and meat (ham) 1 717.4 178.8 1.3 0.0 0.0 0.0 0.0 1.3 85.8 33.1 0.0 155.0 4.5 35.8 223.2

Fish, meat (pork), and soybeans 8 608.9 169.0 39.9 0.0 39.9 0.0 0.0 0.0 32.9 55.9 0.0 194.4 0.2 0.0 116.6

Fish, eggs, and meat (ham) 4 532.4 157.2 4.1 0.0 0.0 0.0 0.0 4.1 67.8 0.0 32.0 151.5 4.1 31.2 84.6

Meat (beef, chicken), fish, and eggs 1 631.2 176.3 54.9 50.7 0.0 4.3 0.0 0.0 59.0 0.0 29.4 262.0 2.5 0.0 47.1

Meat (beef, pork), soybeans, and eggs 9 707.9 176.9 65.5 32.8 32.8 0.0 0.0 0.0 0.0 24.8 5.0 265.2 50.2 6.6 113.7

Meat (beef), fish, and eggs 1 590.6 68.2 68.2 68.2 0.0 0.0 0.0 0.0 17.0 0.0 6.8 256.9 62.5 37.5 73.4

Number of main ingredients of main dishes (protein sources): 4

All 87 542.1 164.4 36.2 11.5 11.3 11.9 0.0 1.4 34.9 21.1 15.5 180.2 7.2 3.8 78.8

Fish, meat (pork), eggs, and soybeans 15 562.0 161.4 34.9 0.0 34.9 0.0 0.0 0.0 29.4 19.0 17.7 182.0 9.9 3.4 104.3

Fish, meat (chicken), soybeans, and eggs 17 557.7 158.4 25.4 0.0 0.0 25.4 0.0 0.0 43.5 21.0 19.2 177.6 9.0 6.1 97.4

Meat (beef, pork, and chicken), fish, soybeans, 

and eggs

17 537.8 161.5 45.4 31.0 5.3 9.1 0.0 0.0 33.3 12.0 9.8 195.3 5.1 1.5 74.1

Eggs, fish, meat (ham), and soybeans 2 483.6 141.8 11.5 0.0 0.0 0.0 0.0 11.5 40.4 6.6 63.6 162.4 17.1 7.2 32.9

Meat (pork, ham), soybeans, fish, and eggs 1 562.5 147.6 21.7 0.0 17.4 0.0 0.0 4.3 6.9 47.7 8.7 224.4 43.4 8.7 53.4

Meat (ham, beef, pork, and chicken), fish, 

soybeans, and eggs

2 463.9 185.2 31.3 1.9 6.3 15.7 0.0 7.3 32.8 6.2 4.1 172.3 1.1 2.8 28.1

Fish, meat (chicken, ham), soybeans, and eggs 6 470.6 179.1 42.8 0.0 0.0 37.6 0.0 5.2 24.3 16.0 13.8 145.5 0.6 0.0 48.5

(Continued)

https://doi.org/10.3389/fsufs.2023.1232198
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Sameshima et al. 10.3389/fsufs.2023.1232198

Frontiers in Sustainable Food Systems 13 frontiersin.org

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 T
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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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