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Students and the School Meal Intake Measured by an Artificial Intelligence
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ABSTRACT

The lower elementary school grades are an important period in which eating habits are formed. We exam-
ined the relationship between eating habits and school meal intake in the lower grades of an elementary
school in Seoul. The eating habits were investigated using the Nutrition Quotient (NQ) for children. The
school meal intake rates and preferred menus were obtained by automatically scanning the plate before and
after meals using an artificial intelligence food scanner. The average school meal intake rate for the 347 sub-
jects was 68.5+12.2%, and the nutrient intakes through the school meals were 353.5+70.0 kcal of energy,
51.8¢10.2 g of carbohydrates, 14.6+£3.1 g of proteins, 10.3+2.3 g of fats, 87.0+20.0 mg of calcium, and
1.840.4 mg of iron. The preferred menus were rice, grilled food, and dairy products, and non-preferred menus
were salad, beverages, and stewed food. The eating habits that showed a positive correlation with the school
meal intake rate were ‘Diverse side dishes (r=0.332, P<0.001)’, ‘Vegetable side dishes (r=0.166, P<0.01)’,
‘Kimchi side dish (r=0.230, P<0.001)’ and ‘Less TV watching and computer game time (r=0.105, P <0.05).
The NQ score also showed a positive correlation with the rate of school meal intake (r=0.216, P<0.001).
The balance score was positively correlated with fruit (r=0.192, P<0.001), and the diversity score had the
highest positive correlation with Kimchi (r=0.362, P<0.001). The regularity score was positively correlated
with fried food (r=0.114, P<0.05). In conclusion, it was found that elementary school students in the lower
grades had a higher school meal intake rate when their eating habits included eating side dishes evenly, and
consuming vegetable side dishes and Kimchi.
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Table 1. General characteristics and anthropometric measurements of the subjects.

Variables All (N=347) Boys (N=180) Girls (N=167)

Age (years) 8.0+0.7" 8.040.7 7.9+0.7
Height (cm) 131.5+6.0 131.945.9 131.0+6.2
Weight (kg) 29.9+6.5 31.0£7.0%* 28.7+5.7
Body fat % of total weight (%) 21.4+7.8 21.5+8.3 21.3£7.2
BMI (kg/m’)” 172426 17.7£2.9%#% 16.6+2.2
Obesity degreeA)

Underweight 32 (9.2 21 (11.7)%* 11 ( 6.6)

Normal weight 262 (75.5) 122 (67.8) 140 (83.8)

Overweight 25 (172 15 ( 83) 10 ( 6.0)

Obesity 28 (8.1 22 (12.2) 6 (3.6)
Degree of physical activity

Inactive 18 (52) 5(28)%* 13 (7.8)

Exercise 1~2 times a week 95 (27.4) 47 (26.1) 48 (28.7)

Exercise 3~4 times a week 129 (37.2) 61 (33.9) 68 (40.7)

Exercise 5 or more times a week 105 (30.3) 67 (37.2) 38 (22.8)
Monthly household income

<5 million KRW” 39 (11.2) 16 ( 8.9) 23 (13.8)

>5 million KRW 308 (88.8) 164 (91.1) 144 (86.2)
Parental educational level”

High school graduation 4 (12 1 (0.6) 3(18)

Bachelor’s degree 219 (63.1) 122 (67.8) 97 (58.1)

Some graduate school or graduate degree 124 (35.7) 57 (31.7) 67 (40.1)

" Mean+standard deviation

)
N (%)
) BMI: body mass index
)

-

Obesity degree of the subjects was classified according to the percentile standard by gender and age according to the 2017 Children and

Adolescent Growth Chart by the Korea Disease Control and Prevention Agency (under the Sth percentile for underweight, over the Sth
percentile and below the 85th percentile for normal weight, over the 85th percentile and below the 95th percentile for overweight, and over

the 95th percentile for obesity)
Y KRW: Korean Republic Won

9 The educational level listed is for the father or mother, depending on which parent had the higher level of education
**P <0.01, ***¥P<0.001, Significant difference between genders by independent t-test for continuous variables and chi-squared test or Fisher’s

exact test for categorical variables at P <0.05
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Table 2, Average school meal intake rate and nutrient in-
take and the percentage of energy and nutrient
intake compared to one-third of the 2020 Dietary
Reference Intake for Korean in the subjects.

Variables All (N=347)

Average school meal intake rate and nutrient intake
School meal intake (%) 68.5+12.2"
Energy (kcal) 353.5£70.0
Carbohydrate (g) 51.8+10.2
Protein (g) 14.6£3.1
Fat (g) 10323
Carbohydrate (%):Protein (%):Fat (%)2) 58:16:26
Vitamin A ( 12g) 109.3+29.3
Vitamin B; (mg) 0.1£0.0
Vitamin B, (mg) 0.1£0.1
Vitamin C (mg) 18.0+8.8
Calcium (mg) 87.0£20.0
Iron (mg) 1.840.4

The percentage of energy and nutrient

intake compared to one-third of the KDRIs”
Energy (%)” 64.2+13.5"
Carbohydrate (%)’ 119.6423.5
Protein (%)’ 118.6+28.0
Vitamin A (%)’ 7324223
Vitamin B, (%)’ 28.5+10.4
Vitamin B (%)’ 426155
Vitamin C (%)’ 102.2+51.1
Calcium (%)” 36.3+8.4
Tron (%)” 59.0+14.3

" Mean+standard deviation

Energy ratio of carbohydrate, protein, and fat
KDRIs: Dietary Reference Intakes for Korean
Ratio compared to 1/3 of the estimated energy requirement (%)
Ratio compared to 1/3 of the recommended nutrient intake (%)
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)
)
)
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Table 3. Average intake rate by type of school meal
menu in the subjects.

Variables All (N=347)
Rice (%) 86.3+15.9"
Noodles (%) 60.6+32.5
Soup (%) 58.1+14.1
Grilled food (%) 76.6+21.2
Fried food (%) 70.2+22.8
Steamed food (%) 61.3£28.6
Stewed food (%) 38.2+46.1
Kimchi (%) 50.5420.5
Salad (%) 33.4436.1
Milk and dairy products (%) 74.0£31.9
Fruit (%) 69.8+29.9
Dessert (bread, sweets, rice cake) (%) 65.7+38.8
Beverage (%) 36.4+47.9

" Mean+standard deviation
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Table 4. Comparison of scores for each item of Nutrition
Quotient for children in the survey subjects.

Variables All (N=347)

NQ" score (100)” 61.4+10.6”
Balance (100) 54.7+15.6
Legume intake (30) 12.0£7.9
Fruit intake (25) 16.5£6.4
White milk intake (15) 8.4+4.6
Egg intake (15) 10.6+4.4
Cooked rice with whole grain intake (15) 7.545.7
Diversity (100) 51.7£23.7
Diverse side dishes (40) 17.9+12.7
Vegetables side dishes (30) 14.548.5
Kimchi side dish (30) 19.3£11.0
Moderation (100) 79.3+12.0
Abstain from fast food intake (25) 20.9+4.3
Abstain from ramyeon intake (20) 15.943.7
Abstain from late-night snack intake (20) 18.0+4.4
Abstain from street food intake (20) 17.544.5

Abstain from sweet food intake (15) 7.1£5.1

Regulartiy (100) 67.4+13.6
Meal Regularity (45) 32.5+7.1
Eating breakfast (30) 27.6+6.7

Less TV watching & computer game time (25) 7.3£7.7

Practice (100) 63.8+18.0
Checking nutrition labeling (33) 12.5£10.9
Chewing well (33) 23.6+8.3
Washing hands before meal (33) 27.4+8.0

D NQ: Nutrition Quotient for children

® When the NQ score was 73.8 or higher, it was evaluated as
‘Good nutritional status’, and when it was 73.7 or lower, it was
evaluated as ‘Nutritional monitoring required’

¥ Meansstandard deviation
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Table 5. Correlation between school meal intake rates
and scores of Nutrition Quotient for children.

School meal intake rates

Variables 0
NQZ) score 0.216%**
Balance 0.070
Legume intake —0.001
Fruit intake 0.104
White milk intake 0.039
Egg intake —0.035
Cooked rice with whole grain intake 0.040
Diversity 0.346%**
Diverse side dishes 0.332%**
Vegetable side dishes 0.166%*
Kimchi side dish 0.230%**
Moderation 0.034
Abstain from fast food intake —0.036
Abstain from ramyeon intake 0.026
Abstain from late-night snack intake 0.021
Abstain from street food intake 0.018
Abstain from sweet food intake 0.038
Regularity 0.063
Meal regularity 0.028
Eating breakfast —0.031
Less TV watching & computer game time 0.105*
Practice 0.034
Checking nutrition labeling 0.040
Chewing well 0.017
Washing hands before meal —0.011

"'t Pearson’s correlation coefficients

» NQ: Nutrition Quotient for children

*P<0.05, **P<0.01, ***P<0.001, Significant difference by
Pearson’s correlation analysis at P <0.05
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