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BACKGROUND/OBJECTIVES: The nutritional quality of lunches is an important factor related to workers’ health. This study examined 
the nutritional quality of Korean workers’ lunches with a focus on comparing institutional and commercial lunches. 
SUBJECTS/METHODS: The data from a 1-day, 24-hour dietary recall from the 5th Korea National Health and Nutrition Examination 
Survey (2010-2012) were analyzed. A total of 2,192 subjects aged 19 to 64 years, who had consumed lunches served by institutional 
or commercial food service vendors, were included for analysis. The nutritional quality of the lunches of the institutional lunch 
group (n=626) and the commercial lunch group (n=1,566) was compared in terms of the number of servings, food groups, 
nutrient intake, Nutrient Adequacy Ratio (NAR), and Mean Adequacy Ratio (MAR).
RESULTS: The NAR and MAR were significantly higher in the institutional lunches than in the commercial lunches, but more 
than half of workers in both groups obtained over 65% of their energy from carbohydrate. The average sodium intake from 
the lunches exceeded the daily intake goal (2,000 mg) in both groups. More than half of workers in both groups presented 
less than one-third of their respective recommended daily intake of riboflavin and calcium. With the exception of riboflavin, 
the nutrient intake from lunches accounted for more than 35% of the daily nutrient intake. 
CONCLUSIONS: The overall nutritional quality of institutional lunches was higher than that of commercial lunches. However, 
institutional lunches had room for improvement in terms of nutritional quality. 
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INTRODUCTION6)

Non-communicable diseases (NCDs) represent a growing 
public health problem in countries all around the world. Cancer, 
heart disease, cerebrovascular disease, and diabetes, which are 
the main types of NCDs, cause more than 50% of all deaths 
in Korea [1]. NCDs are not confined to a particular age group 
and should be managed throughout one’s life. 

The prevalence of obesity, hypertension, and dyslipidemia has 
increased sharply among Koreans in their 30s to 50s [2]. More 
than half of people in this age group in Korea have jobs [3] 
and spend the longest time at work among the Organization 
for Economic Cooperation and Development (OECD) countries 
[4]. Korean workers typically have little time for exercise and 
few opportunities to learn how to eat healthy [5]. In addition, 
higher prevalence of eating away from home among the 
employed compared to the unemployed [6] could be a promo-
ting factor related to chronic disease [7,8]. 

A healthy diet can help prevent NCDs. An ecological frame-
work for a person’s diet indicates that a healthy diet requires 
the support from the person’s physical environment (e.g. 
workplace, school) as well as individual effort [9]. Workplaces 

are effective places for delivering multiple levels of interven-
tions and creating social norms for healthy eating because 
workplaces can offer easy access to food and information for 
many adults [10].

Few studies have examined meals at workplaces. Previous 
studies have largely concentrated on meals consumed away 
from home in total and have not separated meals at work from 
other meals away from home. Studies have reported low 
nutritional quality of meals away from home, higher intakes of 
energy, fat, sugar, and sodium, as well as lower intake of 
micronutrients compared to meals at home [11-13]. In Korea, 
the contribution of fat from meals away from home to the total 
daily fat intake increased from 48.0% in 1998 to 53.2% in 2012. 
In addition, the sodium intake increased from 47.4% in 1998 
to 55.9% in 2012 [14]. 

Lunch is characterized by the highest proportion of eating 
out among the three main meals [15], and more than three- 
quarters of workers reportedly eat institutional or commercial 
lunches in Korea [16]. One study indicated a contextual difference 
between workplace meals and restaurants, bars, and cafeterias, 
as the food served at these eateries is determined by customer 
demand [17]. In contrast, meals at workplaces, prepared by 
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institutional food service, promote healthier food habits and 
present better nutritional quality than those at other eating 
places; workplace meals provide a lower proportion of fat 
energy and more fiber and micronutrients per unit energy 
[18-20]. 

In Korea, few studies have focused on workers‘ nutritional 
intake from lunches [6,15,21]. To establish a healthy diet 
environment, a comprehensive overview of food consumed by 
workers as well as the differences in nutritional quality between 
lunches prepared by institutional versus commercial food 
service vendors is necessary. The aim of this study was to 
examine workers’ lunch intake and compare the nutritional 
quality of institutional and commercial lunches. The present 
study could provide baseline data for the development of 
healthy lunch guidelines for workers in Korea.

SUBJECTS AND METHODS

Data source and subjects
This study used the data from the 5th Korea National Health 

and Nutrition Examination Survey (KNHANES, 2010-2012), a 
nationwide cross-sectional survey using multistage stratified 
cluster sampling. This survey was approved by the Institutional 
Review Board (IRB) of the Centers for Disease Control and 
Prevention in Korea (2010-02CON-21-C, 2011-02CON-06-C, 2012- 
01EXP-01-2C). 

A total of 6,901 workers, aged 19 to 64 years, having jobs 
other than farming or fishing were initially selected from 22,931 
participants with 1-day, 24-hour dietary recall data. Those 
reporting an unusual dietary intake on the day of recall (n = 
2,247), unrealistic lunch intake (< 166 kcal or > 1,666 kcal) 
(n = 419), and lunch intake at places other than workplaces or 
restaurants (n = 1,554) were excluded, resulting in 2,681 subjects. 
After an additional exclusion of those having reported eating 
lunch boxes prepared at home (n = 436) or meals served at 
institutional food service locations other than workplace food 
service (e.g., school food service, daycare food service, n = 53), 
2,192 subjects were included in the final analysis.

Among the 2,192 subjects, “the institutional lunch group” 
included 626 subjects having eaten lunches prepared by the 
workplace food service. “The commercial lunch group” included 
1,566 subjects having eaten commercially-prepared lunches, 
including lunch boxes and restaurant meals. 

Analysis of menu items eaten at lunch 
The menu items frequently consumed at lunch by workers 

were ranked. Initially, the ranking was generated based on the 
menu item names specified in the KNHANES dataset. Then the 
final ranking list was re-generated after combining some menu 
items into a single menu item with a generic name; for example, 
steamed rice with millet was combined into steamed rice with 
mixed grains and soybean paste soup with spinach was 
combined into soybean paste soup. 

Assessment of food group intake from lunch
The amounts of food eaten were calculated and categorized 

into six major food groups: grains, meat/fish/eggs/legumes, 
vegetables, fruits, milk/dairy products, and oils/sweets. In addition, 

the food intake was classified into sub-food groups correspon-
ding to each major food group. The sub-food groups used for 
analysis were based on the sub-food groups specified in the 
Dietary Reference Intake for Koreans 2015 (KDRIs 2015) [22], 
but were modified to include additional sub-food groups 
reflecting the current interest in a healthy diet [23] (e.g., grains 
other than white rice and green leafy vegetables).

The number of servings was calculated as the ratio of 
consumed food amounts to one serving amount of each food 
group. One serving amount was determined according to that 
specified in KDRIs 2015 [22]. KDRIs 2015 suggests one serving 
of each food group as the amount of food providing the 
following calories: grains, 300 kcal; meats (including meat, fish, 
eggs and legumes), 100 kcal; vegetables, 15 kcal; fruits, 50 kcal; 
dairy, 125 kcal; and oils/sweets, 45 kcal [22]. In addition, the 
percentage of subjects having consumed less than one serving 
amount of each respective food group was calculated. 

Assessment of nutrient intake from lunch
The nutrient intake was assessed regarding energy, macronu-

trients (protein, fat, carbohydrate), along with the energy 
percentage from respective macronutrients, vitamins (vitamin 
A, thiamin, riboflavin, niacin, vitamin C), and minerals (calcium, 
iron, sodium). The average energy and nutrient intakes were 
calculated. 

The Nutrient Adequacy Ratio (NAR) and Mean Adequacy Ratio 
(MAR) [24] were calculated for vitamin A, thiamin, riboflavin, 
niacin, vitamin C, calcium, and iron. The NAR of a given nutrient 
is the ratio of a subject’s intake to the recommended nutrient 
intake (RNI). The NAR of the selected vitamins and minerals in 
this study was the ratio of the workers’ intake to one-third of 
the RNI for each sex and age category in KDRIs 2015.

NAR of lunch =
Actual nutrient intake at lunch

1/3 of the Recommended Nutrient Intake

The NAR is truncated at one to avoid the potential problem 
that a nutrient with a high NAR could compensate for those 
with a low NAR. Thus, a NAR of one indicates that the intake 
of a nutrient is more than the RNI of a target nutrient, whereas 
a NAR below one indicates a lower nutrient intake than the 
RNI of a target nutrient. The MAR was obtained from the mean 
value of the NARs. 

MAR of lunch =
∑NAR of lunch (each truncated at 1)

Number of nutrients

In addition, the percentage of subjects having consumed less 
than one-third of the estimated average requirements (EAR) was 
calculated for each selected vitamin and mineral. 

To examine the contribution of lunch to the daily intake, the 
daily intake of workers was assessed and the proportions of 
each nutrient from lunch compared to the daily intake were 
calculated. For macronutrients, the proportions of subjects 
consuming deficient, adequate, and excessive amounts were 
calculated. The acceptable macronutrient distribution ranges 
(AMDRs) suggested by KDRIs 2015 [22] were used for this 
determination: 7-20% for protein, 15-30% for fat, and 55-65% 
for carbohydrate. For protein and micronutrients, nutrient 
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Institutional lunch 
group1)

(n = 626) 

Commercial lunch 
group2)

(n = 1,566) P-vaule3)

%

Gender 0.144

  Male 71.8 68.2

  Female 28.2 31.8

Age (yrs) 0.022

  19-29 19.3 13.5

  30-49 59.6 60.7

  50-64 21.1 25.8

Occupation < 0.001

  Technical engineers 34.9 23.0

  Office workers 20.1 19.9

  Professionals and managers 19.2 24.8

  Physical laborers 15.1  9.4

  Service and sales people 10.7 22.9

Education level 0.173

  Middle school or less 13.6 15.2

  High school or less 45.3 40.1

  College or more 40.9 44.7

Total 27.4 72.6

The data were analyzed using the complex sample module. 
1) Workers eating lunches served by their workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and 
restaurant meals 
3) By χ2 test

Table 1. Sociodemographic characteristics of the subjects according to the type
of food service 

Rank
Institutional lunch group1) (n = 626) 

Rank
Commercial lunch group2) (n = 1,566)

Dishes n % Dishes n %

 1 Kimchi (Chinese cabbage, fermented) 471 75.2  1 Kimchi (Chinese cabbage, fermented) 890 56.8

 2 White rice, steamed 435 69.5  2 White rice, steamed 875 55.9

 3 Soybean paste soup 165 26.4  3 Coffee 357 22.8

 4 Rice with various grains, steamed 138 22.0  4 Kkakdugi (Radish, fermented) 251 16.0

 5 Coffee 97 15.5  5 Soybean sprout, seasoned 204 13.0

 6 Kkakdugi (Radish, fermented) 77 12.3  6 Danmuji (Radish, pickled) 159 10.2

 7 Soybean sprout, seasoned 65 10.4  7 Soybean paste soup 148  9.5

 8 Seaweed soup 55 8.8  8 Rice with various grains, steamed 144 9.2

 8 Soybean sprout soup 55 8.8  9 Dried anchovy, stir-fried 136 8.7

10 Pork, stir-fried 51 8.1 10 Spinach, seasoned 136 8.7

11 Dried anchovy, stir-fried 48 7.7 11 Hot pepper, unripened 131 8.4

12 Salad 45 7.2 12 Samjang (Hot pepper and soybean paste based sauce) 124 7.9

13 Spinach, seasoned 43 6.9 13 Onion, with or without Jajang sauce 119 7.6

14 Geotjeori (Raw vegetables, seasoned) 41 6.5 14 Dried laver, toasted 116 7.4

15 Dried laver, toasted 40 6.4 15 Kimchi (Chinese cabbage, fermented) stew 114 7.3

1) Workers eating lunches served by their workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and restaurant meals 

Table 2. Frequent menu items in Korean workers’ lunches according to the type of food service 

density (nutrient amount per 1,000 kcal) was calculated.

Statistical analysis 
All statistical analyses were performed using SPSS (version 

22.0; IBM Corp., Armonk, NY, USA). To make valid inferences 
for the KNHANES V complex multistage sampling design, the 
complex samples module was used for analysis, except for a 
calculation of the ranking of frequently consumed menu items. 
The data results were reported as the weighted %, mean values, 
and standard errors. The difference between the institutional 
lunch group and the commercial lunch group was tested for 
statistical significance using χ2 test or Analysis of Covariance 
(ANCOVA) with gender, age, occupation, and education level 
as the covariates based on previous studies [6,25,26]. Vitamins 
and minerals were also adjusted for energy. The NAR and MAR 
were tested for statistical significance using ANCOVA with 
occupation and education level as covariates.

RESULTS

Sociodemographic characteristics of subjects
Among the 2,192 workers analyzed for lunch intake in this 

study, approximately 27% ate institutional lunches while the 
remaining 73% ate commercial lunches. There were significant 
differences between the institutional and commercial lunch 
groups in terms of age and occupation distribution, implying 
a need for further analyses of these variables (Table 1).

Menu items eaten at lunches 
Table 2 lists the menu items frequently included in the 

lunches eaten by Korean workers. The menu items were listed 
based on the ranking among the nstitutional and commercial 
lunches, respectively. Among the institutional lunches, kimchi 
was ranked at the top, followed by steamed white rice. Kimchi 
was included in 75% of the institutional lunches. About 70% 
of the institutional lunches also included steamed white rice 

while about 22% included steamed rice with various grains. 
Soups were included in 44% of the institutional lunches. 
Soybean paste soup was ranked 3 and seaweed soup and 
soybean sprout soup were ranked 8. 

Among the commercial lunches, kimchi and steamed white 
rice were ranked 1 and 2, respectively, the same as the 
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Institutional 
lunch group1)

(n = 626)

Commercial 
lunch group2)

(n = 1,566)
P-value3)

Number of servings4), mean ± standard error 

Grains 1.43 ± 0.03 1.38 ± 0.02 0.158

Meats5) 1.46 ± 0.07 1.41 ± 0.05 0.517

Vegetables 2.76 ± 0.10 2.69 ± 0.06 0.537

Fruits 0.09 ± 0.02 0.08 ± 0.01 0.389

Dairy 0.02 ± 0.01 0.02 ± 0.01 0.754

Oils/sweets 1.54 ± 0.02 1.52 ± 0.01 0.510

Percentage of workers consuming less than one serving, %

Grains 18.4 17.6 0.725

Meats5) 39.5 44.3 0.101

Vegetables  7.9 12.2 0.025

Fruits 96.9 98.1 0.126

Dairy 99.3 99.0 0.516

Oils/sweets 43.3 45.6 0.446

The data were analyzed using the complex sample module. 
The values were adjusted for gender, age, occupation, and education level. 
One serving is the amount of foods providing 300 kcal for grains, 100 kcal for 
meats, 15 kcal for vegetables, 50 kcal for fruits, 125 kcal for dairy, and 45 kcal 
for oils/sweets.
1) Workers eating lunches served by workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and 

restaurant meals 
3) By ANCOVA with gender, age, occupation, and education level as covariates or 

χ2 test 
4) The ratio of consumed food amount to one serving of each food group
5) Includes meat, fish, eggs, and legumes

Table 3. Number of servings consumed at lunch by Korean workers and 
percentages of Korean workers consuming less than one serving for food groups
according to the type of food service 

Food group

Institutional 
lunch group1)

(n = 626)

Commercial 
lunch group2)

(n = 1,566) P-value3)

g, mean ± standard error

Grains 134.6 ± 3.6 129.8 ± 2.6 0.217

  White rice 96.4 ± 2.3 79.7 ± 1.9 < 0.001

  Grains other than white rice 3.3 ± 0.4 1.4 ± 0.3 < 0.001

  Noodles and dumplings 12.0 ± 2.5 31.2 ± 2.6 < 0.001

  Bread, pizza, and hamburgers 0.9 ± 0.5 3.7 ± 0.9 < 0.001

  Potatoes 15.0 ± 2.1 8.5 ± 1.5 < 0.001

  Other grain products 6.8 ± 1.0 5.3 ± 0.6 0.109

Meat, fish, eggs, and legumes 94.9 ± 4.1 91.0 ± 2.9 0.404

  Red meat 24.2 ± 2.5 25.6 ± 1.6 0.622

  White meat 10.4 ± .2.4 4.7 ± 0.9 0.026

  Other meat products 2.7 ± 0.8 3.6 ± 0.5 0.394

  Fish and seafood 32.7 ± 2.6 31.6 ± 2.0 0.728

  Eggs 9.4 ± 1.3 10.1 ± 0.8 0.622

  Legumes 15.5 ± 2.1 15.4 ± 1.2 0.967

Vegetables 153.2 ± 4.5 151.7 ± 3.2 0.774

  Green leafy vegetables 25.8 ± 2.2 27.4 ± 1.1 0.929

  Salted vegetables 44.9 ± 2.0 46.4 ± 1.6 0.559

  Other vegetables 76.1 ± 3.3 75.0 ± 2.3 0.778

  Seaweed 3.6 ± 0.6 2.4 ± 0.4 0.054

  Mushrooms 2.2 ± 0.5 1.8 ± 0.3 0.430

Fruits 8.6 ± 1.9 7.2 ± 1.4 0.449

Milk and dairy products 3.8 ± 1.2 2.6 ± 0.8 0.347

Oils and sweets 9.0 ± 0.5 9.1 ± 0.3 0.952

  Oils 6.2 ± 0.4 6.1 ± 0.2 0.834

  Sweets 2.8 ± 0.2 3.0 ± 0.2 0.638

The data were analyzed using the complex sample module.
The values were adjusted for gender, age, occupation, and education level. 
1) Workers eating lunches served by workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and 

restaurant meals 
3) By ANCOVA with gender, age, occupation, and education level as covariates

Table 4. Food group intake of Korean workers’ lunches according to the type 
of food service 

institutional lunches. On the other hand, the percentage of the 
commercial lunches including these menu items was much 
lower than that of institutional lunches. The percentage of the 
commercial lunches with steamed white rice and steamed rice 
with various grains (65%) was also lower than that of the 
institutional lunches (92%). Danmuji, onions, unripened hot 
peppers, and samjang ranked in the top 15 in the commercial 
lunches, which was quite different from the case of the 
institutional lunches. For soups, soybean paste soup and kimchi 
stew were ranked 7 and 15, respectively. The percentage of 
the commercial lunches including soups was 17%, which was 
less than that of the institutional lunches. Seasoned soybean 
sprouts, seasoned spinach, toasted laver, and stir-fried dried 
anchovies were often included in both the institutional and 
commercial lunches. 

Food group intake from lunch
Table 3 shows the analysis results of Korean workers’ lunch 

intake based on one serving amount for each food group. The 
average number of servings for each food group was not 
statistically different in the institutional and commercial lunch 
groups. There were significantly different percentages of workers 
consuming less than one serving of vegetables between the 
institutional (8%) and commercial (12%) groups. 

Both the institutional and commercial lunch groups consumed 
about 1.4 servings of grains while about 18% of workers ate 
less than one serving of grains. The number of servings of meats 

consumed were 1.46 and 1.41, respectively, and the percentage 
of workers consuming less than one serving were 40% and 44% 
in the institutional and commercial lunch groups, respectively. 

Table 4 compares the Korean workers’ food intake by the 
food group between the institutional and commercial lunch 
groups. No significant difference in the intake of all six major 
food groups was observed between the institutional and 
commercial lunch groups. In terms of the sub-food groups, 
however, the institutional lunch group consumed more white 
rice, grains other than white rice, potatoes, and white meat as 
well as fewer noodles/dumplings and bread/pizza/hamburgers 
than the commercial lunch group. 

The intake of vegetables was similar between both groups 
with an average intake of 153 g in the institutional group and 
152 g in the commercial group. The average intake of fruits 
was low in the two groups (9 g and 7 g, respectively). The 
cumulative vegetable and fruit group intakes in the institutional 
and commercial groups were 162 g and 159 g, respectively.
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Nutrients 

Institutional 
lunch group1)

(n = 626)

Commercial 
lunch group2)

(n = 1,566) P-value3)

mean ± standard error 

Energy (kcal) 716.6 ± 14.8 703.2 ± 10.5 0.435

Protein (g) 30.5 ± 0.9 28.6 ± 0.6 0.069

Fat (g) 15.2 ± 0.6 15.6 ± 0.4 0.676

Carbohydrate (g) 115.2 ± 2.2 111.7 ± 1.5 0.159

Energy contribution 

  % from Protein 16.7 ± 0.3 16.2 ± 0.2 0.084

  % from Fat 18.0 ± 0.5 18.7 ± 0.3 0.191

  % from Carbohydrate 65.3 ± 0.6 65.1 ± 0.4 0.725

Vitamin A (μg RAE) 321.5 ± 13.5 312.7 ± 10.2 0.550

Thiamin (mg) 0.53 ± 0.01 0.50 ± 0.01 0.072

Riboflavin (mg) 0.44 ± 0.01 0.43 ± 0.01 0.464

Niacin (mg) 7.1 ± 0.1 6.7 ± 0.1 0.057

Vitamin C (mg) 36.9 ± 1.3 33.9 ± 0.9 0.027

Calcium (mg) 198.1 ± 6.8 183.8 ± 4.5 0.070

Iron (mg) 5.6 ± 0.2 5.6 ± 0.1 0.939

Sodium (mg) 2,328.5 ± 60.0 2,363.5 ± 53.5 0.634

The data were analyzed using the complex sample module.
The values were adjusted for gender, age, occupation, and education level. 
1) Workers eating lunches served by workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and 

restaurant meals 
3) By ANCOVA with gender, age, occupation, and education level as covariates. For 

vitamins and minerals, by ANCOVA with energy, gender, age, occupation, and 
education level as covariates. 

Table 5. Nutrients intake of Korean workers’ lunches according to the type of 
food service

Institutional lunch group1)

(n = 626)
Commercial lunch group2)

(n = 1,566) P-value3)

mean ± standard error

NAR    

Vitamin A 0.78 ± 0.01 0.72 ± 0.01 0.002

Thiamin 0.88 ± 0.01 0.85 ± 0.01 0.003

Riboflavin 0.75 ± 0.01 0.71 ± 0.01 < 0.001

Niacin 0.90 ± 0.01 0.86 ± 0.01 < 0.001

Vitamin C 0.76 ± 0.01 0.72 ± 0.01 0.035

Calcium 0.67 ± 0.11 0.61 ± 0.01 < 0.001

Iron 0.92 ± 0.01 0.89 ± 0.01 0.001

MAR 0.81 ± 0.01 0.77 ± 0.01 < 0.001

The data were analyzed using the complex sample module.
The values were adjusted for occupation and education level. 
1) Workers eating lunches served at the workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and 

restaurant meals 
3) By ANCOVA with occupation and education level as covariates
NAR, Nutrient Adequacy Ratio; MAR, Mean Adequacy Ratio

Table 6. Nutrient Adequacy Ratio and Mean Adequacy Ratio of Korean workers’
lunches according to the type of food service 

Fig. 1. Proportions of Korean workers with deficient nutrient intake from lunches 
according to the type of food service 
The data were analyzed using the complex sample module.
The values are the percentages of people with nutrient intake less than 1/3 of the 
estimated average requirement.
1) Workers eating lunches served at workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and 

restaurant meals 
** Significantly different between lunch groups at α = 0.01 by χ2 test
*** Significantly different between lunch groups at α = 0.001 by χ2 test

Nutrient intake from lunch
Table 5 presents the Korean workers’ nutrient intakes in the 

institutional and commercial lunch groups. The average energy 
intakes from institutional and commercial lunches were about 
717 kcal and 703 kcal, respectively, and the difference was not 
statistically significant. The mean energy contribution from 
carbohydrate was about 65% in both groups and reached the 
upper limit of the AMDR of carbohydrate in KDRIs 2015. 

The average intake of micronutrients except for sodium 
tended to be higher in the institutional lunches than in the 
commercial lunches, but the only significant difference between 
the two groups was for vitamin C. The average sodium intakes 
of the institutional and commercial lunch groups were 2,329 
mg and 2,364 mg, respectively, both exceeding the daily 
sodium intake goal in KDRIs 2015.

The NARs of seven vitamins and minerals were calculated and 
compared between the two lunch groups (Table 6). The NARs 
of all selected nutrients in the institutional lunch group were 
higher than those in the commercial lunch group, and the 
differences were statistically significant. The NAR of calcium was 
the lowest number among the NARs of all nutrients in both 
groups. The MAR was also higher in the institutional lunch 
group (0.81) than in the commercial lunch group (0.77). 

Fig. 1 shows graphically the percentages of Korean workers 
having consumed deficient amounts (i.e., less than one-third 
of EAR) of selected micronutrients in the institutional lunch and 
commercial lunch groups, respectively. More than half of all 
workers in the institutional lunch group and the commercial 
lunch group obtained less than one-third of the EARs of calcium 
and riboflavin from their lunches. The percentages of workers 
with deficient nutrient intake amounts were statistically higher 
for vitamin A, riboflavin, niacin, calcium, and iron in the 
commercial lunch group compared to the institutional lunch 
group.

Contribution of lunch to daily intake
Table 7 shows the contribution of Korean workers’ lunches 

to the daily intake in each lunch group. The contribution of 
nutrients obtained from lunch to the daily intake differed 
depending on the nutrients and did not show significant 
differences between the two lunch groups. The energy intake 
from lunch accounted for approximately 35% of the daily energy 
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Nutrients

Daily intake % of lunch intake to daily intake

Institutional lunch group1)

(n = 626) 
Commercial lunch group2)

(n = 1,566) 
Institutional lunch group

(n = 626)
Commercial lunch group

(n = 1,566) 

mean ± standard error P-value %

Energy (kcal) 2,127.1 ± 40.6 2,121.2 ± 29.7 0.904 35.1 35.3

Protein (g) 80.5 ± 1.9 77.8 ± 1.6 0.242 39.7 39.3

Fat (g) 45.0 ± 1.5 46.1 ± 1.4 0.357 35.7 36.8

Carbohydrate (g) 343.1 ± 6.1 329.1 ± 3.7 0.044 34.9 35.7

Energy contribution      

  % from Protein 15.2 ± 0.2 15.1 ± 0.1 0.704   

  % from Fat 18.6 ± 0.3 19.5 ± 0.3 0.040   

  % from Carbohydrate 66.2 ± 0.4 65.4 ± 0.3 0.142   

Vitamin A (μg RAE) 976.9 ± 60.7 862.2 ± 25.4 0.062 38.2 38.7

Thiamin (mg) 1.44 ± 0.04 1.41 ± 0.03 0.496 37.0 36.4

Riboflavin (mg) 1.36 ± 0.03 1.31 ± 0.03 0.167 34.0 33.7

Niacin (mg) 19.0 ± 0.4 18.4 ± 0.3 0.285 38.2 36.6

Vitamin C (mg) 111.0 ± 4.2 112.0 ± 3.1 0.837 37.1 36.0

Calcium (mg) 600.9 ± 18.3 529.0 ± 10.7 < 0.001 35.5 35.8

Iron (mg) 15.8 ± 0.4 15.6 ± 0.3 0.691 37.5 37.5

Sodium (mg) 5,881.7 ± 176.4 5,461.4 ± 105.8 0.040 42.1 44.0

The data were analyzed using the complex sample module.
The values were adjusted for gender, age, occupation, and education level. 
1) Workers eating lunches served by workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and restaurant meals 
3) By ANCOVA with gender, age, occupation, and education level as covariates. For vitamins and minerals, by ANCOVA with energy, gender, age, occupation, and education 

level as covariates. 

Table 7. Contribution of Korean workers’ lunch to daily intake according to the type of food service 

A. Lunch intake B. Daily intake

Fig. 2. Distritubtion of Korean workers’ macronutrient intake status according to the type of food service 
The data were analyzed using the complex sample module.
Deficient: < 7% of energy intake from protein, < 15% of energy intake from fat, < 55% of energy intake from carbohydrate
Adequate: 7-20% of energy intake from protein, 15-30% of energy intake from fat, 55-65% of energy intake from carbohydrate
Excessive: > 20% of energy intake from protein, > 30% of energy intake from fat, > 65% of energy intake from carbohydrate
1) Workers eating lunches served at workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and restaurant meals 
* Significantly different between lunch groups at α = 0.05 by χ2 test
*** Significantly different between lunch groups at α = 0.001 by χ2 test

intake in both groups. Among the nutrients, contribution of 
riboflavin intake from lunch to the daily intake was the lowest 
in both the institutional (34%) and commercial (34%) lunch 
groups. Sodium showed the highest percentage of nutrient 

intake from lunch to the daily intake: 42% in the institutional 
lunch group and 44% in the commercial lunch group.

The vitamin C intake, which showed a significant difference 
at lunch between the institutional and commercial lunch 
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Nutrients
Lunch intake Daily intake

Institutional lunch group1)

(n = 626) 
Commercial lunch group2)

(n = 1,566) 
Institutional lunch group

(n = 626)
Commercial lunch group

(n = 1,566)

mean ± standard error P-value3) mean ± standard error P-value

Protein (g/1,000 kcal) 41.9 ± 0.6 40.5 ± 0.4 0.040 37.6 ± 0.5 36.6 ± 0.3 0.069

Vitamin A (μg RAE/1,000 kcal) 445.4 ± 18.2 428.0 ± 14.2 0.396 457.0 ± 22.3 418.0 ± 11.0 0.090

Thiamin (mg/1,000 kcal) 0.71 ± 0.01 0.67 ± 0.01 0.028 0.68 ± 0.01 0.66 ± 0.01 0.170

Riboflavin (mg/1,000 kcal) 0.60 ± 0.02 0.58 ± 0.01 0.464 0.64 ± 0.01 0.62 ± 0.01 0.315

Niacin (mg/1,000 kcal) 9.5 ± 0.2 9.0 ± 0.1 0.006 8.9 ± 0.1 8.7 ± 0.1 0.143

Vitamin C (mg/1,000 kcal) 51.1 ± 1.6 48.0 ± 1.3 0.092 54.4 ± 1.7 55.4 ± 1.5 0.648

Calcium (mg/1,000 kcal) 282.5 ± 9.4 262.0 ± 6.1 0.060 288.7 ± 7.9 259.5 ± 4.8 0.001

Iron (mg/1,000 kcal) 7.9 ± 0.2 7.8 ± 0.2 0.661 7.7 ± 0.2 7.5 ± 0.2 0.421

Sodium (mg/1,000 kcal) 3,315.5 ± 82.8 3,340.4 ± 69.0 0.796 2,787.5 ± 57.7 2,629.2 ± 36.5 0.016

The data were analyzed using the complex sample module.
The values were adjusted for gender, age, occupation, and education level. 
1) Workers eating lunches served by workplace food service
2) Workers eating commercially-prepared lunches, including lunch boxes and restaurant meals 
3) By ANCOVA with gender, age, occupation, and education level as covariates. For vitamins and minerals, by ANCOVA with energy, gender, age, occupation, and education 

level as covariates. 

Table 8. Nutrient density of Korean workers’ lunch and daily intakes according to the type of food service

groups, showed no difference in the daily intake. On the other 
hand, the differences in daily intake of calcium and sodium 
between the two groups were statistically significant. The 
energy contribution from daily fat intake was significant lower 
in the institutional lunch group (19%) than in the commercial 
lunch group (20%).

The macronutrient intake status was judged by calculating 
the energy percentage of each macronutrient and comparing 
the two lunch groups, as shown in Fig. 2.

There was no significant difference in the distribution of 
energy percentages from each macronutrient at lunch. The daily 
fat and carbohydrate intakes, however, showed significantly 
higher proportions of workers with AMDRs in the institutional 
lunch group than in the commercial lunch group. 

A comparison of lunch and daily intake showed that the daily 
intake had higher proportions of the AMDRs of protein and 
fat than the lunch. Approximately 41% of institutional lunch 
workers and 38% of commercial lunch workers consumed less 
than the AMDR of fat at lunch, indicating deficient fat intake, 
whereas less than 30% of both groups consumed less than the 
AMDR of fat in their daily intake. The proportions of workers 
consuming excessive carbohydrate were more than 50% in the 
lunch and daily intake. 

Table 8 shows the nutrient densities of the protein and 
micronutrients of Korean workers’ lunch and daily intakes 
according to the lunch groups. The differences in nutrient 
density between the two groups were statistically significant 
for protein, thiamin, and niacin at lunch as well as for the daily 
intakes of calcium and sodium. 

The nutrient densities of protein, thiamin, niacin, and iron 
tended to be higher at lunch than in the daily intake. On the 
other hand, the nutrient densities of vitamin A, riboflavin, 
vitamin C, and calcium at lunch were lower than those of the 
daily intakes in the institutional lunch group.

DISCUSSION

This study examined the nutritional quality of lunches 

consumed by Korean workers by comparing the lunches eaten 
at their workplaces with those eaten at commercial places. With 
the exception of vitamin C, there was no significant difference 
in the average nutrient intake between the institutional and 
commercial lunch groups in this study. Other research on 
lunches eaten by Korean adults reported inconsistent results 
in terms of energy, protein, and other nutrient intakes between 
institutional and commercial lunch groups, but all studies 
reported similar results for fat intake between these two groups: 
a lower intake of fat in the institutional lunch group than in 
the commercial lunch group [6,15,21]. One study reported a 
lower fat energy contribution from institutional lunches (18%) 
than from commercial lunches (20%) [15]. In the present study, 
however, the fat energy contribution in the institutional lunch 
group (18%) was similar to that in the commercial lunch group 
(19%). In addition, the proportion of workers who consumed 
less than the AMDR of fat was around 40% in the present study, 
which was higher than the proportion reported in a previous 
study with Korean adults aged 19 years or above (33%) [27]. 
A comparison of the fat energy percentage of commercial foods 
by meal revealed the fat energy percentage of lunch to be the 
lowest: breakfast (22%), lunch (20%), and dinner (23%) [15]. 
Thus, the fat content of lunch does not appear to have been 
a major nutritional consideration for Korean workers recently. 

Although there was no significant difference in the average 
intake of most nutrients between the two groups in the present 
study, the average NARs of all selected vitamins and minerals 
as well as the MAR of institutional lunches were significantly 
higher than those of the commercial lunches. The proportions 
of workers with deficient intakes of vitamin A, riboflavin, niacin, 
calcium, and iron in the institutional lunch group were also 
lower than those in the commercial lunch group, which indicates 
the better nutritional quality of institutional lunches compared 
to commercial lunches. The lower NAR and MAR of commercial 
lunches showing no difference in the average nutrient intake 
could be explained by the skewed distribution of nutrient 
intakes in the commercial lunch group.

The improved nutritional quality in the institutional lunch 
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group could be explained by the more frequent inclusion of 
Korean traditional style meals in institutional lunches. The menu 
items most frequently eaten at lunch in this study were kimchi 
and steamed white rice, which are the key dishes in Korean 
traditional style meals. The proportions of consumed kimchi and 
steamed rice were substantially higher in the institutional lunch 
group (75% and 92%) than in the commercial lunch group (57% 
and 65%), indicating the greater consumption of Korean 
traditional style meals in institutional lunches. These results are 
also supported by differences in the intake of sub-food groups 
belonging to grains between the institutional and commercial 
lunch groups. A greater consumption of white rice and grains 
other than white rice as well as less intake of noodles/dumplings 
and bread/pizza/hamburgers were found in the institutional 
lunch group compared to the commercial lunch group. The 
average number of servings of each food group was similar 
in the two lunch groups but the commercial lunch group 
showed a higher percentage of workers that consumed less 
than one serving of foods from vegetables. Korean traditional 
style meals with various side dishes are typically balanced with 
high nutritional quality [28]. Thus, the consumption of lunches 
based on Korean traditional style meals with various side dishes 
is recommended to improve the nutritional quality of workers’ 
lunches. 

Although the institutional lunch group showed better 
nutritional quality than the commercial group, more than 50% 
of workers displayed deficient intakes of riboflavin and calcium 
as well as excessive intakes of sodium and carbohydrate in the 
institutional lunch group. The inadequate intakes of riboflavin 
and calcium as well as the excessive intakes of sodium and 
carbohydrate in Korean adults have frequently been reported 
in other studies [29,30]. Although the results indicate that 
institutional lunches contain higher nutritional quality than 
commercial lunches, the quality of institutional lunches is 
insufficient to improve the various nutritional problems of 
workers. Institutional food services should consider these results 
in menu planning and development.

The NAR of calcium in the two groups was the lowest among 
the NARs of selected vitamins and minerals in this study, 
followed by riboflavin. The low intakes of milk and dairy 
products in institutional (3.8 g) and commercial (2.6 g) lunches 
could explain this result. The inclusion of milk or dairy products 
as an ingredient in a dish or dessert at lunch could be a strategy 
to increase the nutritional quality of calcium and riboflavin in 
lunches for workers.

The sodium intakes of both groups in this study exceeded 
the daily sodium intake goal in KDRIs 2015, with no difference 
between the institutional (2,329 mg) and commercial (2,364 mg) 
lunch groups. Kimchi and soup, which are major dishes 
contributing to the dietary sodium intake [31], were listed in 
the top 15 menu items in the present study. Several studies 
have suggested strategies to reduce sodium intake, including 
education of consumers and development of low sodium dishes 
and foods [32-34]. In other countries, governments have developed 
dietary standards for institutions or cafeterias as a strategy to 
reduce the sodium intake in workplaces [35,36]. To reduce 
sodium intake, it will be necessary to develop sodium standards 
for Korean traditional style meals as well as to develop low 

sodium dishes and foods. 
The energy contribution of carbohydrate in both groups of 

this study reached 65%, which is the upper limit of the AMDR 
of carbohydrate. More than half of the workers in both groups 
had excessive carbohydrate intake. The KDRI 2015 changed the 
upper limit of the AMDR of carbohydrate from 70% to 65%, 
reflecting the positive relationship of carbohydrate intake with 
the risk of metabolic syndrome [22]. In addition, the current 
evidence on healthy diets recommended a greater emphasis 
on carbohydrate quality [23]. Management of the amounts and 
quality of carbohydrate in workers’ lunches is necessary. Higher 
amounts of rice with various grains or whole grains to increase 
carbohydrate quality and less use of side dishes and desserts, 
including processed grains, such as flour or rice cakes, could 
be considered in meal planning. 

Vegetables and fruits are important food components for a 
healthy diet [23]. The results of this study indicated a higher 
intake of vegetables and fruits (162 g in the institutional lunch 
group and 159 g in the commercial lunch group) than one-third 
of the amounts (458 g) reported by a previous study search 
on daily vegetable and fruit consumption among Korean adults 
[37]. These intakes, however, were less than one-third of the 
daily goal for vegetable and fruit intake (500 g) recommended 
by the National Health Plan 2020 [38]. In addition, skipping 
breakfast can lead to a low intake of vegetables [39]. As a high 
proportion of Korean adults skip breakfast (approximately 23%) 
[27], the consumption of around 160 g of vegetables and fruits 
at lunch may be inadequate to meet the daily vegetable and 
fruit intake goals. Research has shown that more than 50% of 
Korean adults do not follow dietary guidelines regarding the 
intake of vegetables and fruits [37,40]. Therefore, intervention 
through institutional food service could be an effective strategy 
to satisfy the daily vegetable and fruit intake goals for workers. 
This strategy was verified by various studies that implemented 
interventions aimed at increasing the vegetable and fruit 
consumption through institutional food service [10,41]. The 
results of these studies showed that interventions at lunch 
improved the workers’ daily nutritional profiles as well as the 
quality of their lunches [18,42].

In the results of the present study, the nutrient intake from 
lunches consumed by Korean workers accounted for more than 
35% of the daily nutrient intake except for riboflavin (approxi-
mately 34%). This value was higher than that of a previous 
study, which reported a 30% energy contribution from lunch 
to the daily intake [43,44]. The nutrient densities of protein, 
thiamin, niacin, and iron tended to be higher at lunch than 
in the daily intake in both lunch groups. In addition, the 
percentages of workers with deficient intakes of these nutrients 
from lunch were less than 30% in both lunch groups. These 
results indicate that lunch could compensate for the insufficient 
intakes during other meal times. Nevertheless, the lower 
nutrient densities of vitamin A, riboflavin, vitamin C, and calcium 
at lunch compared to the daily intake in the institutional lunch 
group suggests that the current Korean workers’ institutional 
lunches are insufficient to improve the daily intake. 

In conclusion, this investigation of Korean workers’ lunches 
confirmed the better nutritional quality of institutional lunches 
with higher NARs and MAR as well as lower proportions of 
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workers with deficient nutrient intakes compared to commercial 
lunches. Institutional lunches, however, contained nutritional 
problems, such as excessive energy from carbohydrate, excessive 
sodium, and insufficient riboflavin and calcium. Workplace food 
service managed by dietitians could provide an effective 
environment to improve the nutrition and health status of 
workers. More focus on the nutritional quality of meals served 
by institutional food service will be needed to manage the 
nutritional shortfalls of workers’ lunches and daily meals. 

As the current study assessed the nutritional quality of 
workers’ lunches using one-day dietary recall data, the results 
might not reflect the subjects’ usual dietary intake. In addition, 
the results of this study should be interpreted with caution 
because the data only reflects what the subjects ate and not 
what was served or offered to them at lunches. Further studies 
regarding the nutritional quality of meals served by workplace 
food service or commercial food service could provide 
additional information to make policy decisions or guidelines 
on healthy lunches for workers. 
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