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ABSTRACT

BACKGROUND/OBJECTIVES: Zinc is an essential trace mineral which is important for the
growth and development of the human body and immunological and neurological functions.
Inadequate zinc intake may cause zinc deficiency with its adverse consequences. In this study,
we aimed to estimate the dietary zinc intake levels and sources among Koreans.
SUBJECTS/METHODS: For this secondary analysis, we obtained data from the Korea
National Health and Nutrition Examination Survey (KNHANES) 2016-2019. Individuals
aged > 1yr who had completed a 24-h recall were included. The dietary zinc intake of each
individual was calculated by applying data from a newly developed zinc content database

to the KNHANES raw data. We also compared the extracted data with the sex-, age-specific
reference values suggested in the Korean Dietary Reference Intakes 2020. The prevalence of
adequate zinc intake was then evaluated by the proportion of the individuals who met the
estimated average requirement (EAR).

RESULTS: The mean zinc intake of Koreans aged > 1 yr and adults aged > 19 yrs were 10.2 and
10.4 mg/day, equivalent to 147.4% and 140.8% of the EAR, respectively. Approximately 2 in

3 Koreans met the EAR for zinc, but the zinc intake differed slightly among the different age
and sex groups. In children aged 1-2 yrs, 2 out of 5 exceeded the upper level of intake, and
nearly half of the younger adults (19-29 yrs) and the elders (> 75 yrs) did not meet the EAR.
The major contributing food groups were grains (38.9%), meats (20.4%), and vegetables
(11.1%). The top 5 food contributors to zinc intake were rice, beef, pork, egg, and baechu
kimchi, which accounted for half of the dietary intake.

CONCLUSION: The mean zinc intake among Koreans was above the recommended level, but
1in 3 Koreans had inadequate zinc intake and some children were at risk of excessive zinc
intake. Our study included zinc intake from diet only, thus to better understand zinc status,
further research to include intake from dietary supplements is needed.
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INTRODUCTION

The trace element zinc is essential to the human organism. It is a component of enzymes,
coenzymes, and transcription factor proteins, and plays diverse roles in the growth and
development of the human body and its immune and neurological functions [1,2]. The zinc
status in the human body is maintained by zinc homeostasis through increasing the efficiency
of zinc absorption and decreasing the endogenous excretion of zinc when the dietary zinc intake
insufficient; however, long-term inadequate zinc intake may cause zinc deficiency [3,4]. Adverse
health consequences follow, such as growth retardation, poor appetite, diarrhea, infection,
delayed wound healing, emotional disorders, and alopecia [1,5]. Therefore, health professionals
have recommended the dietary assessment of zinc intake as a means of estimating the risk of
zinc deficiency and identifying populations at elevated risk of zinc inadequacy [6].

Along with other nutritional problems (e.g., low intake of antioxidant nutrients due to

poor diet), zinc deficiency is a major public health problem in developing countries [7,8].
However, an inadequate intake of zinc has been observed worldwide [9-14]. The problem with
inappropriate zinc intake has different aspects depending on the age group and the specific
dietary pattern. For example, concerns exist that older adults have an inadequate intake that
does not meet the estimated average requirement (EAR) [9]. On the other hand, infants and
children in some developed countries have a dietary zinc intake above the tolerable upper
level (UL) [11,14]. In addition, vegetarians have been reported to have lower dietary zinc
intakes than omnivores [15].

The dietary zinc intake of Koreans has been evaluated in previous studies [16-25]. However,
most of them were small-sized, involving only specific age groups [16-21,23,24], or residents
of a particular region [17,22-25]. Moreover, the values employed to assess the zinc content
used in these studies were derived from foreign databases (e.g., the U.S. Department of
Agriculture food database) due to the lack of the analytical values of the zinc content of
domestically consumed food; therefore, limitations have hindered the adequate estimation of
the zinc intake of Koreans [18,21,23].

Recently, the Korea Disease Control and Prevention Agency (KDCA) in charge of the Korea
National Health and Nutrition Examination Survey (KNHANES) started the expansion of its
existing nutrient content database for a more precise estimate of the dietary micronutrient
intakes of Koreans. As a part of these important efforts, we established a database of the zinc
content of foods reported to be consumed in the KNHANES 20162019 [26]. In this work,
using this newly-constructed zinc database, we aimed to estimate the dietary zinc intakes,
evaluate the dietary adequacy of zinc, and examine the dietary sources of this trace element
in the diet of Koreans.

SUBJECTS AND METHODS

Study design and study population

This is a secondary analysis study, in which we used data from the KNHANES study
(2016—2019). The KNHANES is a nationwide survey implemented to evaluate the health and
nutrition status of Koreans aged > 1 yr. Its target population comprises non-institutionalized
Korean citizens. The KNHANES consist of a health interview, a health examination, and a
nutrition survey. More details have been provided elsewhere [27,28].
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Of the 31,379 participants in the KNHANES 2016-2019, a total number of 28,418 individuals,
who completed the 24-h recall of the nutrition survey, were included in the present study.

In the present study, we used the raw data released by the KDCA in charge of the survey
(https://knhanes.cda.go.kr, accessed on 21 November 2021). The KNHANES survey protocols
and procedures were approved by the Institutional Review Board of the KDCA (2018-01-03-P-
A and 2018-01-03-C-A). Written informed consent was obtained from all the participants.

Dietary assessment

The dietary intake of the participants was assessed by the 1-day 24-h recall method. Trained
dietitians visited each participant’s home and gathered dietary information via an in-depth
interview, including the list and amount of food and beverages consumed on the previous
day. If a composite dish (e.g., bibimbab) was consumed, the food intake of each ingredient
was estimated using the recipe. Then, the nutrient intake from the foods they consumed
was calculated using the data in the nutrient content database for each food [29,30]. The
KNHANES raw data contained the dietary intake of energy, macro- and micronutrients,
including minerals and vitamins. However, the raw data contained no information on the
dietary zinc intake, because no data was available on the zinc content of the food consumed
by participants. More details on the 24-h recall method implemented in the KNHANES are
available elsewhere [27,31].

Establishment of a zinc content database and estimation of the dietary zinc
intake

To estimate dietary zinc intake of Koreans using the KNHANES data, we established a
database of the zinc content of each food which the participants in the KNHANES consumed
[26]. For the establishment of the zinc content database, we first set the principles for the
data sources to be used, the priorities, and the application of substitute values, considering
the guidelines for the production, management, and use of food composition data
suggested by Greenfield and Southgate [32] and the Food and Agriculture Organization and
International Network of Food Data Systems [33]. More details on the establishment of the
zinc content database are available elsewhere [26]. In brief, we collected information on

the zinc content of food from all available resources, including domestic and overseas food
composition tables and nutrition fact labels of processed foods [34-41]. Next, we performed
the following steps for the generation of the database of the food zinc content. In cases of
the availability of several original analytical values obtained from various data sources for the
same food, we selected the value from domestic and the latest data sources. At this stage,
we took the original analytical values of the zinc content from the Korean food composition
table. For foods imported from other countries, the values of zinc content in the food
composition table of the country of origin were selected. The zinc content of foods with

no established analytical value was replaced or calculated based on the analytical value of a
similar food from domestic or foreign data sources. The zinc database which we established
in the present study covered 99.83% (n = 4,207) of the foods reported in the KNHANES
2016-2019 (n = 4,214), with data obtained from domestic (n = 3,797) and foreign (n = 410)
sources. The database consists of 1,447 analytical values, 466 calculated values, and 2,294
replaced values. The dietary zinc intake was calculated by applying the newly developed zinc
content database to the raw data obtained by 24-h recall in the KNHANES study.
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Statistical analysis

Data are expressed as mean, standard error, percentiles, and percentages, and were analyzed
for the total population and by sex and age groups (> 1, > 19, 1-2, 3-5, 6-11, 12-18, 19-29,
30-49, 50-64, 65-74, and > 75 yrs).

The absolute zinc intake (mg/day) as well as the relative intake to the sex- and age-specific
EAR and UL, suggested in the Korean Dietary Reference Intakes 2020 [1], was estimated.
The prevalence of the adequate intake was evaluated by the proportion of participants who
met the EAR. Consumption exceeding the UL was defined as excessive consumption. To
investigate the major dietary sources of zinc intake, we calculated the intake from each food
group and its contribution (%) to the total zinc intake. The same analysis was also performed
at the individual food level (using the tertiary food code in the KNHANES raw dataset), and
the top 20 individual foods for zinc intake by sex and age groups were presented.

All analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC, USA). In all
analyses, we considered the sampling weights and survey design of the KNHANES study. A
P-value < 0.05 indicated a statistically significant difference.

RESULTS

Dietary zinc intake and prevalence of adequate intake

The mean values and distribution of dietary zinc intake are presented in Table 1. The mean
zinc intake values of Koreans aged > 1 yr and adults aged > 19 yrs were 10.2 and 10.4 mg/day,
respectively. Overall, males consumed more zinc than females in all age groups (P < 0.001),
and adolescents and adults had a higher zinc intake than children and the elderly in both
males and females (P < 0.001).

The data of the relative intake of dietary zinc to the sex- and age-specific EAR (% EAR) and
the prevalence of adequate zinc intake are presented in Table 2. The values of the relative
intake to the EAR for Koreans aged > 1 yr and adults aged > 19 yrs were 147.4% and 140.8%,
respectively. The relative zinc intake was above the EAR in all groups, with differences by sex
and age. In children under 5 yrs of age, the zinc intake was more than twice that of EAR, and

Table 1. Dietary zinc intake (mg/day) of Koreans, KNHANES 2016-2019

Age groups Males Females Total
(yrs) No. Mean + SE Percentile No. Mean = SE Percentile No. Mean = SE Percentile

10 25 50 75 90 10 25 50 75 90 10 25 50 75 90
All (Z 1) 12,642 11.8+0.1 5.4 7.5 10.2 13.7 17.9 15,776 8.5+0.0 4.1 5.7 7.8 10.4 13.6 28,41810.2+0.1 4.6 6.3 8.8 12.0 15.8
Adults (>19) 9,660 12.1+0.1 5.9 7.9 10.7 14.2 18.4 12,966 8.7+0.1 4.2 5.8 7.9 10.6 13.8 22,62610.4+0.1 4.6 6.5 9.0 12.3 16.2
1-2 332 6.2+0.2 3.4 45 58 7.7 9.5 316 5.6+0.1 3.0 3.9 5.3 7.0 8.4 648 5.9+0.1 3.2 4.3 5.5 7.3 9.1
3-5 572 7.5+£0.2 4.2 53 6.8 8.8 11.3 518 6.5+0.1 3.7 4.8 6.0 7.9 9.9 1,090 7.0+0.1 3.9 5.0 6.4 8.3 10.7
6-11 1,106 9.8+0.2 5.2 6.9 9.2 11.6 14.8 1,073 8.2+0.1 4.6 6.0 7.5 9.8 12.8 2,179 9.0+0.1 4.8 6.4 8.3 10.8 13.7
12-18 972 12.4+0.3 6.0 8.1 11.4 14.9 19.8 903 8.9+0.2 4.1 6.0 8.3 11.4 14.2 1,87510.7+0.2 4.9 6.9 9.8 13.3 17.3
19-29 1,219 12.3+0.3 4.9 7.4 10.6 14.6 20.6 1,408 8.6+0.2 3.6 5.3 7.8 10.7 14.4 2,62710.6+0.2 4.1 6.1 8.9 12.7 17.3
30-49 3,197 12.8+0.2 6.3 8.5 11.5 15.2 19.9 4,456 9.0+0.1 4.4 6.0 8.3 11.0 14.5 7,65311.0+0.1 4.9 6.8 9.5 12.9 17.1
50-64 2,662 12.0+0.1 6.3 8.4 11.0 14.6 18.2 3,631 8.9+0.1 4.6 6.2 8.4 10.9 14.0 6,29310.5+0.1 5.1 6.9 9.5 12.6 16.4
65-74 1,531 10.8+0.1 5.8 7.6 10.0 13.3 16.8 1,978 8.2+0.1 4.2 5.8 7.7 10.1 12.8 3,059 9.4+0.1 46 6.4 8.6 11.5 15.1
> 75 1,051 9.4%0.1 48 6.6 8.8 11.4 14.4 1,493 7.0:0.1 3.5 4.8 6.5 8.6 11.2 2,544 7.9+0.1 3.9 54 7.4 9.8 12.8
P-value® - <0.001 - <0.001 - <0.001

KNHANES, Korea National Health and Nutrition Examination Survey.
"P-value for the differences between the age groups. P-values < 0.001 for the differences between sexes within each age group, except for the group of 1-2 yrs (0.006).
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Table 2. Dietary zinc intake relative to the EAR and prevalence of those meeting the EAR and exceeding the UL for zinc, KNHANES 2016-2019

Dietary zinc intake and sources among Koreans

Age groups Males Females P-value” Total
(yrs) EAR Intake % uL %! EAR*  Intake % uL % Intake % % Intake % %
(mg) (%EAR) (2EAR) (mg) (UL) (mg) (%EAR) (2EAR) (mg) (2UL) (%EAR) (2EAR) (>UL) (%EAR) (2EAR) (>UL)
All (2 1) - 156.7 76.8 - 2.7 - 138.2 68.1 - 1.3 <0.001 <0.001 <0.001 147.4 72.5 2.0
Adults (> 19) - 149.4 74.9 = 1.0 = 132.2 65.9 = 0.2 <0.001 <0.001 <0.001 140.8 70.4 0.6
1-2 2 309.6 98.8 6 43.7 2 282.0 98.0 6 40.1 <0.001 0.392 0.418 296.1 98.4 41.9
3-5 3 249.1 96.4 9 23.4 3 215.1 95.2 9 14.5 <0.001 0.349 <0.001 233.2 95.8 19.2
6-118 5,7 165.3 86.1 13,19 7.8 4,7 158.6 81.3 13,19 3.3 0.048 0.009 <0.001 162.0 83.7 5.6
12-18! 7,8 162.6 78.8 27,33 1.6 6,7 134.7 68.2 27,33 0.3 <0.001 <0.001 0.009 149.4 73.8 1.0
19-29 9 136.6 63.5 35 1.5 7 122.5 56.9 35 0.3 <0.001 0.002 0.019 130.0 60.4 1.0
30-49 8 160.1 723 35 13 7 126.5 62.5 35 0.2 <0.001 <0.001 <0.001 143.8 71.1 0.7
50-64 8 150.5 78.2 35 0.6 6 149.0 76.9 35 0.1 0.444 0.264 0.010 149.8 77.6 0.3
65-74 8 135.5 71.2 35 0.3 6 136.9 70.9 35 0.1 0.548 0.903 0.318 136.3 71.0 0.2
>75 7 133.7 71.7 35 0.0 6 116.7 57.1 35 0.0 <0.001 <0.001 0.318 122.9 62.5 0.0

P-valuef = <0.001 <0.001 = <0.001 = <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

EAR, estimated average requirement; UL, tolerable upper level of intake; KNHANES, Korea National Health and Nutrition Examination Survey.

"P-value for differences between sexes.

TThe number of those with excessive intake exceeding the UL in some groups (65-74, > 75 yrs in males; all age groups of > 12 yrs in females) is less than 10.

*The EAR for pregnant females is set by adding 2.0 mg/day to the EAR of the relevant age group, and 4 mg/day for breast-feeding females.

Sin this group, EAR and UL were set separately for each age group of 6-8 and 9-11 yrs, respectively. For example, the EAR of boys aged 6-8 yrs was 5 mg/day and
the EAR of boys aged 9-11 yrs was 7 mg/day.

lin this group, EAR and UL were set separately for each age group of 12-14 and 15-18 yrs, respectively. For example, the EAR of boys aged 12-14 yrs was 7 mg/day
and the EAR of boys aged 15-18 yrs was 8 mg/day.

fp-value for the differences between the age groups.

thus deficiency was rarely observed, whereas excessive intake (exceeding the UL) was found
in 41.9% of the infants aged 1-2 yrs and in 19.2% of the children aged 3-5 yrs. In adults aged
> 19 yrs, excessive zinc intake was very rare, less than 1%. Nearly 1 out of 3 did not meet the
EAR, and this inadequate intake was more profound in females, young adults aged 19-29 yrs,
and the elderly aged > 75 yrs.

Dietary sources of zinc intake

Tables 3 and 4 display data of the zinc intake from different food groups and its contribution
to the total intake. In the total population, two-thirds of the total zinc intake was obtained
mainly from plant-based foods. The major contributing food groups were grains (38.9%),
meats (20.4%), and vegetables (11.1%). Zinc intake and its contribution differed slightly

by sex and age groups, but overall, females and older individuals had relatively higher zinc
intakes from plant-based foods than males and younger individuals, respectively. The

analysis by age groups revealed that grains, meats, and milks accounted for more than 70% of
the total zinc intake of infants and children under 11 yrs of age. In adolescents and adults, the
major food groups contributing to the total zinc intake were grains, meats, and vegetables.

The top 20 individual food contributors to the total zinc intake by sex and age groups are listed
in Tables 5 and 6. The top 20 individual foods contributed to approximately 70% of the total
zinc intake. In the total population, rice (25.4%), beef (7.8%), pork (6.9%), eggs (4.2%), and
baechu kimchi (2.9%) were the top 5 items, which accounted for half of the total zinc intake.
Similarly to the results concerning the major contributing food groups, the top 20 individual
food contributors to zinc intake differed slightly by sex and age groups. Rice, pork, beef,

egg, and baechu kimchi were the top 5 individual food contributors to the total zinc intake
of males, whereas rice, beef, pork, egg, and milk were the top 5 contributors in females. In
younger age groups, dairy products (e.g., milk powder, yogurt, and cheese), processed meat,
hamburger, pizza, sandwich, bread, snack, and coke were the major food sources of zinc.
Conversely, in the older age group, much vegetables (e.g., radish and green onion) and fishes
(e.g., oyster and anchovy, which are high in zinc) were ranked as the major source foods.
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Table 3. Dietary zinc intake of Koreans from foods by sex, KNHANES 2016-2019

Dietary zinc intake and sources among Koreans

Food groups Males Females P-value” Total
Grains 4.10 (38.4)" 3.14 (39.4) <0.001 3.62(38.9)
Potatoes - starches 0.11 (1.0) 0.11 (1.4) <0.001 0.11 (1.2)
Sugars - sweet 0.03 (0.3) 0.03 (0.4) <0.001 0.03 (0.4)
Legumes 0.46 (4.0) 0.37 (4.2) <0.001 0.41 (4.1)
Nuts - seeds 0.14 (1.2) 0.13 (1.5) 0.004 0.14 (1.4)
Vegetables 1.25 (10.9) 0.96 (11.4) <0.001 1.10(11.1)
Mushrooms 0.05 (0.4) 0.05 (0.6) <0.001 0.05 (0.5)
Fruits 0.17 (1.6) 0.20 (2.6) <0.001 0.18 (2.1)
Seaweeds 0.06 (0.6) 0.06 (0.7) <0.001 0.06 (0.6)
Seasonings 0.32(2.8) 0.22 (2.6) <0.001 0.27 (2.7)
Oils - fats (plant) 0.01 (0.1) 0.01 (0.1) <0.001 0.01 (0.1)
Others (plant) 0.00 (0.0) 0.00 (0.0) 0.059 0.00 (0.0)
Meats 3.14 (22.6) 1.81(18.2) <0.001 2.48 (20.4)
Eggs 0.45 (4.1) 0.37 (4.5) <0.001 0.41 (4.3)
Fishes 0.83 (6.0) 0.56 (5.6) 0.004 0.70(5.8)
Milks 0.42 (4.1) 0.42 (5.4) <0.001 0.42 (4.7)
Oils - sats (animal) 0.00 (0.0) 0.00 (0.0) 0.052 0.00 (0.0)
Others (animal) 0.02 (0.1) 0.01 (0.1) 0.004 0.01 (0.1)
Beverages 0.16 (1.5) 0.10(1.3) 0.023 0.13 (1.4)
Alcohols 0.05 (0.4) 0.01 (0.1) <0.001 0.03 (0.3)
Tl B el B ZECET L e
Animal foods 4.87 (36.8) 3.16 (33.7) <0.001 4.02 (35.3)
Plant foods 6.92 (63.2) 5.38 (66.3) <0.001 6.16 (64.7)

KNHANES, Korea National Health and Nutrition Examination Survey.

“p-value for the differences of the contribution to the total dietary intake (%) between sexes.

The data represent the dietary zinc intake (mg/day) of each food group and the contribution to the total dietary
zinc intake (%).

Table 4. Dietary zinc intake of Koreans from foods by age group, KNHANES 2016-2019

Food groups 1-2yrs 3-5yrs 6-11yrs 12-18yrs  19-29yrs  30-49yrs  50-64yrs  65-74yrs >75yrs P-value”
Grains 2.19(38.2)T 2.75(40.9) 3.59(41.4) 4.06(40.4) 3.41(35.9) 3.57(35.9) 3.76(38.6) 3.92(44.6) 3.73(50.6) <0.001
Potatoes - starches  0.07 (1.3) 0.08(1.2) 0.09(1.1) 0.11(1.1) 0.11(1.2) 0.11(1.1) 0.12(1.3) 0.12(1.4) 0.09(1.4) 0.010
Sugars - sweet 0.03(0.6) 0.05(0.8) 0.06(0.7) 0.06(0.6) 0.05(0.6) 0.03(0.3) 0.02(0.2) 0.01(0.2) 0.01(0.1) <0.001
Legumes 0.24 (4.0) 0.25(3.4) 0.26(2.7) 0.30(2.8) 0.30(2.9) 0.39(3.6) 0.54(5.1) 0.57(6.0) 0.52(6.5) <0.001
Nuts - seeds 0.05(0.7) 0.06(0.9) 0.07(0.7) 0.07(0.6) 0.08(0.8) 0.14(1.3) 0.20(2.0) 0.21(2.1) 0.12(1.4) 0.004
Vegetables 0.22(3.7) 0.33(4.8) 0.52(5.9) 0.72(6.9) 0.84(8.4) 1.21(11.7) 1.46(14.3) 1.33(14.3) 1.06(13.2) <0.001
Mushrooms 0.03(0.5) 0.04(0.5) 0.04(0.5) 0.05(0.5) 0.05(0.5) 0.06(0.6) 0.06(0.5) 0.04(0.4) 0.04(0.4) <0.001
Fruits 0.17(3.1) 0.19(2.9) 0.18(2.2) 0.12(1.4) 0.10(1.2) 0.19(1.9) 0.25(2.7) 0.23(2.6) 0.15(2.0) <0.001
Seaweeds 0.04(0.7) 0.06(0.9) 0.05(0.6) 0.04(0.5) 0.04(0.4) 0.06(0.6) 0.07(0.7) 0.06(0.7) 0.06(0.7) <0.001
Seasonings 0.07(1.2) 0.10(1.5) 0.16(1.8) 0.24(2.4) 0.28(2.8) 0.31(3.0) 0.30(2.9) 0.26(2.8) 0.21(2.7) <0.001
Oils - fats (plant) 0.01(0.1) 0.01(0.1) 0.01(0.1) 0.01(0.1) 0.01(0.1) 0.01(0.1) 0.01(0.1) 0.01(0.1) 0.01(0.1) <0.001
Others (plant) 0.00(0.0)  0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00 (0.0) <0.001
Meats 1.08(16.4) 1.50(19.3) 2.27(22.7) 3.21(26.2) 3.55(27.6) 2.94(22.9) 1.97(16.0) 1.36(11.9) 1.00(10.4) <0.001
Eggs 0.31(5.1) 0.41(5.6) 0.43(5.1) 0.41(4.1) 0.43(4.6) 0.46(4.6) 0.42(4.1) 0.32(3.4) 0.22(2.7) <0.001
Fishes 0.19(3.2) 0.25(3.7) 0.33(3.6) 0.41(3.6) 0.54(4.6) 0.91(6.9) 0.85(6.9) 0.65(5.8) 0.41(4.5) <0.001
Milks 1.21(20.6) 0.87(12.9) 0.82(9.6) 0.65(6.6) 0.50(5.5) 0.35(3.6) 0.31(3.2) 0.24(2.8) 0.19(2.5) <0.001
Oils - fats (animal) ~ 0.00(0.0)  0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00 (0.0) <0.001
Others (animal) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.03(0.2) 0.02(0.2) 0.01(0.1) 0.01(0.0) 0.00 (0.0) <0.001
Beverages 0.03(0.5) 0.05(0.9) 0.12(1.3) 0.25(2.4) 0.26(2.6) 0.15(1.5) 0.08(0.8) 0.04(0.5) 0.04(0.5) <0.001
Alcohols 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.00(0.0) 0.01(0.1) 0.03(0.2) 0.07(0.5) 0.04(0.4) 0.02(0.2) <0.001
Tl R R R R R o o Togs oae g Akt
Animal foods 2.79 (45.4) 3.04(41.5) 3.86(41.0) 4.68(40.5) b5.05(42.5) 4.69(38.1) 3.56(30.4) 2.59(24.0) 1.82(20.2) <0.001
Plant foods 3.13(54.6) 3.95(58.5) 5.14(59.0) 6.03(59.5) 5.53(57.5) 6.26(61.9) 6.93(69.6) 6.86(76.0) 6.05(79.8) <0.001

KNHANES, Korea National Health and Nutrition Examination Survey.
"P-value for the differences between age groups in the contribution to the total dietary intake (%o).
The data represent the dietary zinc intake (mg/day) of each food group and the contribution to the total dietary zinc intake (%).
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Table 5. Top 20 individual foods for dietary zinc intake and their contribution by sex, KNHANES 2016-2019

Rank Females Total

Food %" Cum%? Food % Cum% Food % Cum%
1 Rice 26.0 26.0 Rice 24.9 24.9 Rice 25.4 25.4
2 Pork 8.1 34.1 Beef 7.5 32.4 Beef 7.8 33.2
3 Beef 8.0 49.1 Pork 5.8 38.2 Pork 6.9 40.1
4 Egg 4.0 46.1 Egg 4.4 42,6  Egg 4.9 44.3
5 Kimchi, baechu 3.2 49.3 Milk 3.2 45.8 Kimchi, baechu 2.9 47.2
6 Chicken 2.9 52.2 Kimchi, baechu 2.6 48.4 Milk 2.9 50.1
7 Milk 2.5 54.7 Chicken 2.4 50.8 Chicken 2.7 52.8
8 Tofu L&) 56.6 Tofu 1L 52,7/ Tofu 1L.8) 54.7
9 Brown rice 1.5 58.1 Brown rice 1.9 54.6 Brown rice 1.7 56.4
10 Bread 1.4 59.5 Rice cake 1.8 56.4 Bread 1.6 58.0
11 Rice cake 1.1 60.6 Bread 1.7 58.1 Rice cake 1.5 59.5
12 Barley 1.1 61.7 Barley 1.4 59.5 Barley 1.2 60.7
13 Processed meat 1.1 62.8 Glutinous rice 1.2 60.7 Glutinous rice 1.1 61.8
14 Soybean 1.1 63.9 Soybean 1.2 61.9 Soybean 1.1 62.9
15 Green onion 1.0 64.9 Processed meat 1.0 62.9 Processed meat 1.0 63.9
16 Pork, by-products 1.0 65.9 Noodles 0.9 63.8 Green onion 1.0 64.9
17 Ramyeon 1.0 66.9 Green onion 0.9 64.7 Noodles 0.9 65.8
18 Glutinous rice 1.0 67.9 Potato 0.8 65.5 Hamburger/pizza 0.9 66.7
19 Hamburger/pizza¥ 1.0 68.9 Yogurt 0.8 66.3 Ramyeon 0.9 67.6
20 Noodles 1.0 69.9 Hamburger/pizza 0.8 67.1 Pork, by-products 0.8 68.4

KNHANES, Korea National Health and Nutrition Examination Survey.
“The data represent the mean contribution (%) of dietary zinc intake from each food.
TThe data express the cumulative contribution (%) of dietary zinc intake.

*Also including sandwich.

https://e-nrp.org

DISCUSSION

In the present study, we estimated the dietary zinc intake in the Korean population by
applying our newly-constructed database of the zinc content in foods to the 24-h recall raw
data of the KNHANES (2016-2019). We also evaluated the prevalence of inappropriate intake
and investigated the dietary sources of zinc intake. This study found that the mean zinc
intake of Koreans was above the EAR in all sex and age groups, whereas approximately 1 in

3 Koreans did not meet the EAR for zinc. The inadequate zinc intake was more profound in
females, younger adults aged 19-29 and the elderly aged > 75 yrs. In contrast, 2 in 5 children
aged 12 yrs consumed excessive amounts of zinc. The major contributing foods in the
Korean population were grains, meats, and vegetables, with slight differences by sex and age.

Several studies have been conducted on the dietary zinc intake of Koreans [16-25], most of
which were small-sized with specific age groups or included residents of particular regions.
The dietary zinc intake of Koreans in our study was slightly higher than that reported in
most of the previous studies. For example, we established that young males and females
aged 19-29 yrs had an average daily intake 0f 12.3 and 8.6 mg, respectively. However, in a
study conducted by Park and Chyun in 1993 [21], adult males and females aged 20-25 yrs
had an average daily intake of 8.5 and 6.4 mg of zinc, correspondingly. Additionally, Son and
Sung [20] reported in 1996 that the daily mean zinc intake of female college students was
4.5 mg, calculated by the use of a Korean food composition table available at the time. They
also directly analyzed the foods which each participant consumed to compensate for the
incompleteness of the food composition table for the zinc content, reporting a mean intake
of 5.5 mg. In another study, Jang et al. [19] examined the changes in the dietary intake of
college students in 1999 and 2009. These authors found that in male students, the daily zinc
intake increased from 7.8 mg in 1999 to 10.2 mg in 2000, and from 5.9 to 7.3 mg in female
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students in the 2 yrs, respectively. In contrast, Bae et al. [18] published their results in 2012,
according to which female college students had an average intake of 12.8 mg/day, which was
higher zinc intake than the one established in our study.

Direct comparison of these results is not relevant because there are differences in the
accuracy and coverage of the zinc content database between studies [23], as well as in the
dietary assessment method [42]. We consider that the zinc intake found in our study was
slightly higher than those in previous studies due to the improved coverage of the newly
constructed zinc database. In Korea, zinc content information was first included in the
Recommended Dietary Allowances for Koreans, the 6th revision published by the Korean
Nutrition Society, including only a limited number of foods [43]. The initial limited coverage
of the database has been considered to be the cause of zinc intake underestimation [17,18,23].
In addition, our results are likely to have reflected the continuous trends of an increasing zinc
intake observed also in a previous study [19], and of an elevated intake of animal foods high
in zinc content [44].

In our study, approximately 1 out of 3 Koreans aged > 1 yr did not meet the EAR. As
mentioned above, zinc deficiency is commonly observed in developing countries [13], but the
prevalence of those with inadequate zinc intake has also been pointed out as a public health
concern in other countries [9,10,12]. The findings of an inappropriate intake of zinc of our
study are in line with those obtained in previous research. More specifically, our and earlier
results consistently show that the inadequacy of zinc intake is more profound in females and
older adults [9], whereas excessive intakes above the UL have been frequently observed in
children under 5 yrs of age in developed countries (e.g., Australia and US) [11,14,16].

Food groups, such as fishes, meats, whole grains, and beans have high zinc content [1,26].
However, our study revealed that the food groups most significantly contributing to the total
zinc intake among Koreans aged > 1 yr were arranged in the following descending order:
grains (38.9%), meats (20.4%), vegetables (11.1%), fishes (5.8%), and milks (4.7%). The top
5 individual food contributors were rice (25.4%), beef (7.8%), pork (6.9%), egg (4.2%), and
baechu kimchi (2.9%), which accounted for 47.2% of the total zinc intake. The contribution
(%) to total intake varies slightly by age and sex, but these tendencies are consistent with the
ones established in previous studies of Koreans [17,18,20,21,23-25]. Rice and vegetables are
relatively low in zinc, but they seem to have become a major source of zinc due to their high
absolute intake. In our study, older adults had a lower zinc intake than younger adults and
were more dependent on plant-based food. As known, phytic acid, which is a component of
plant-based foods, interferes with the absorption of dietary zinc and decreases its utilization
in the human body [1]. Thus, ways are to be found that facilitate obtaining an appropriate
zinc intake by older adults. In contrast, meat and its products, milk and dairy products, and
cereals and grains are the main sources of this trace element in countries such as Spain and
Australia, which have different food cultures [10,11].

In this study, we developed a new zinc content database for the dietary assessment and
processing of the KNHANES (2016-2019) dietary data. Our database covers almost all foods
consumed by the participants in this important nationwide survey. Applying this novel
information to the KNHANES raw data, we estimated the most recent dietary zinc intake
of Koreans and its food sources. Besides, inappropriate intakes of zinc (including adequate
and excessive intake) were established, and the at-risk population was identified. However,
our study has several limitations. Similarly to other micronutrients, zinc can be obtained

https://doi.org/10.4162/nrp.2023.17.2.257 265



Dietary zinc intake and sources among Koreans

Nutrition
[ ) Research and
Practice

https://e-nrp.org

through food and taken as a dietary supplement. In a study of the NHANES 2005-2016 [9],
the mean zinc intake of US adults was found to be 11.6 mg (food only) and 15.9 mg (food
plus supplement); the prevalence of an inadequate intake was 15% (food only) and 11%
(food plus supplement), respectively. However, we assessed the zinc intake from food only
because no data were available on the zinc content obtained through dietary supplements in
the KNANES data. Besides, the KNHANES assessed only the 1-day dietary intake by the 24-h
dietary recall method, which might have led to a slight overestimation of the prevalence of
the inappropriate zinc intake [42].

In conclusion, the mean zinc intake among Koreans was above the recommended intake,
but a substantial proportion of Koreans consumed an inadequate amount of magnesium.
To better understand the current status of zinc intake, further research is needed that also
considers the intake of this important trace element from dietary supplements.
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