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Monitoring the Sugar Content and Intake in School Meals from Incheon
and Chuncheon

Hee Yun Kim, Se Jong Park*, So Young Chung, Seon Hee Choi, Sun Woo Oh, Jin Sook Lee,
In Sun Choi, Min Su Shin, and Jae Sang Song

Hazard Substances Analysis Division, Seoul Regional Korea Food and Drug Administration

Abstract The purpose of this study was to analyze the content and consumption of total sugar from school lunches at
Incheon and Chuncheon. The samples were collected from eight elementary schools and eight middle schools in Incheon
and Chuncheon for 15 days. The analysis of total sugar content was performed for 1334 main dishes, side dishes, and
desserts, which were supplied by elementary and middle school foodservices. Total sugar content was extracted from
various types of food with 50% ethanol after defatting. We simultaneously analyzed sugars such as fructose, glucose,
sucrose, maltose, and lactose by a high performance liquid chromatography with refractive index detector. The average
lunch intake for elementary school and middle school students was 372.6+£72.2 g and 449.2+81.1 g, respectively. The total
sugar content in desserts was 7.21+6.32 g/100 g, 1.69+2.44 g/100 g in side dishes, and 0.32+0.77 g/100 g in main dishes.
Among side dishes, fried foods, stir-fried foods, and sauces contained the highest amounts of total sugar. The total sugar
intake was 4.63£5.11 g in desserts, 0.64+1.01 g in side dishes, and 0.55+1.48 g in main dishes. Main and side dishes with
a high total sugar intake included cooked rice with seasoning, fried foods, stir-fried foods, and preserved foods. The
average total sugar intake per meal for elementary school, middle school, and all students was 4.03+3.67 g, 6.97+£6.59 g,
and 5.50+£5.53 g, respectively. We have provided useful information to decrease the intake of total sugar in school lunches.
It is recommended that total sugar intake be continuously monitored.
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=& 3 AEE Agstast sl £33 F2] dFHE BUEY HPLC °]54o2 ALg3k oM EUEZL B&J (Muskegon, MI,
< WAty E] A T HAHFE ot & HFH A USAAIZHE 9313t AAE $18le] OASIS HLB 7IEZA]
3} AALYS 93 712A5R B8le] S LulE 2% (200 mg)(Waters, Milford, MA, USA)2} PVDF syringe disk
A FA o 718t} dok filter(0.45 um)(Whatman, Maidstone, UK)S AF-&IItE & 7ol
©]-8-¥l HPLCE Nanospace SI-2(Shiseido, Tokyo, Japan), Refiactive
M= 2 g Index Detector(RID)= Shodex RI-101(Showa Denko, Kawasaki,

Japan)©]| $1 2™, Shodex NH2P ZA# 4.6 mm i.dx250 mm, 5 pm,

SMAE U FAFA Showa Denko) 2 Shodex NH2P Guard Z#H (4.6 mm i.dx5.0 mm,
ANxFAA] F FHA] w8 Fx sl A, = A 5um, Showa Denko)E A&t £33 t).

Table 1. Classification of collected samples from school foodservice by food class

Incheon Chuncheon
Food class Total(N)
Elementary school Middle school Elementary school Middle school

Cooked rice 499 53 52 49 203

Main dishes Cooked rice with seasoning 11 7 8 11 37
(268) Noodles 3 4 5 6 18
Cooked gruels 4 1 1 4 10
Side dishes soups 26 35 38 38 137

Stew 13 11 10 5 39

Tangs and chon-gol 12 8 6 8 34
Stir-fried foods 39 24 34 28 125

Fried foods 14 14 10 17 55

o Pan-fired foods 6 3 11 6 26
Side dishes Preserved foods 13 18 14 12 57
©43) Roasted foods 15 13 11 9 48
Steamed foods 8 8 7 10 33
Seasonsed vegetables 31 37 25 24 117

Salted foods 2 1 1 4
Kimchies 59 63 57 60 239

Sauces 16 11 2 29

Fruits 10 5 17 11 43

Desserts Breads and confectionery 8 13 8 15 44
(123) Drinks 2 4 7 13
Dairy products 12 7 2 2 23

Total(N) 353 339 319 323 1,334

"The number of samples
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Homogenization

4—[Petroleum ether, 1-3 times}

Extraction ]

| «——{50% ethanol, 80C, 20min |

Purification

Filtration

4—( 0.45um syringe disk filter }
HPLC-RI

Fig. 1. The procedure of preparation to measuring sugar
contents for HPLC analysis of sugars.

HLB cartridge )

r

il =
E
=
T
ok
i)
o
N
PN ol
u
o
32

a8 8
Ml
i
ot
o
o
offt
f

710 AfolEl= 30

Table 2. Contents of total sugar” in a dish of school meal
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(Unit: g/100 g meal)

Food class (N) Elementary school Middle school Total
Main dishes (268) 0.3240.77” (0.00-6.48)
Cooked rice (203) 0.13+0.35 (0.00-3.04) 0.12+0.20 (0.00-0.94) 0.13£0.28™ (0.00-3.04)
Cooked rice with seasoning (37) 0.35+0.35 (0.00-1.10) 1.22£1.37 (0.00-4.48) 0.77+1.08%7 (0.00-4.48)
Noodle s(18) 0.62+0.90 (0-2.90) 1.67+2.10 (0.00-6.48) 1.20£1.76%" (0.00-6.48)
Cooked gruels (10) 1.27+1.00 (0.00-2.97) 0.63+0.66 (0.00-1.47) 0.95+0.91%7(0.00-2.97)
Side dishes (943) 1.69+2.44 (0.00-24.95)
Side dishes soups (17) 0.31+0.56 (0.00-2.66) 0.37+0.42 (0.00-1.67) 0.34+0.49" (0.00-2.66)
Stew (39) 0.31+0.46 (0.00-2.00) 0.33+0.32 (0.00-1.00) 0.32+0.417(0.00-2.00)
Tangs and chon-gol (34) 0.16+0.34 (0.00-1.47) 0.41+0.38 (0.00-1.2) 0.28+0.38"(0.00-1.47)
Stir-fried foods (125) 1.98+3.51 (0.00-21.48) 2.59+2.93 (0.00-14.58) 2.24+3.29% (0.00-21.48)
Fried foods (55) 2.2542.37 (0.00-7.70) 2.7342.16 (0.00-8.85) 2.5242.274(0.00-8.85)
Pan-fired foods (26) 0.801.00 (0.00-4.07) 0.41+0.38 (0.00-1.22) 0.6620.86° (0.00-4.07)
Preserved foods (57) 2.09+2.69 (0.00-11.35) 2.10+2.13 (0.00-6.69) 2.0942.42% (0.00-11.35)
Roasted foods (48) 0.67+0.93 (0.00-3.29) 2.16+2.82 (0.00-9.9) 1.3542.16%7 (0.00-9.90)
Steamed foods (33) 1.19+1.45 (0.00-4.74) 1.33£1.51 (0.00-5.64) 1.27+1.48%7(0.00-5.64)
Seasonsed vegetables (117) 2.30+1.93 (0.00-7.14) 2.44+3.49 (0.00-24.95) 2.3842.85% (0.00-24.95)
Salted foods (4) 3.04+1.08 (1.51-3.85) 0.86+0.00 (0.86-0.86) 2.49+1.334(0.86-3.85)
Kimchies (239) 1.71+0.88 (0.00-5.21) 1.72+1.22 (0.00-9.82) 1.711.07*7 (0.00-9.82)
Sauces(29) 5.41£5.96 (0.48-24.47) 6.64+5.42 (0.69-18.02) 5.88+5.80° (0.48-24.47)
Desserts (123) 7.21£6.32 (0.00-42.56)
Fruits (43) 4.84+2.95 (0.58-10.84) 5.1243.92 (1.90-15.75) 4.95+3.34¢ (0.58-15.75)
Breads and confectionery (44) 5.58+5.34 (0.00-17.55) 8.544+10.29 (0.00-42.56) 7.46%8.94 (0.00-42.56)
Drinks (13) 12.35+3.14 (9.21-15.49) 10.33+£5.39 (2.57-20.7) 10.64+5.16" (2.57-20.7)
Dairy products (23) 9.08+2.06 (3.23-13.24) 9.78+1.55 (7.93-13.29) 9.36+1.91" (3.23-13.29)
Total (1334) 1.74+2.84 (0.00-24.47) 2.13+3.79 (0.00-42.56) 1.9343.35 (0.00-42.56)

DTotal sugar includes fructose, glucose, sucrose, maltose, and lactose.
JThe values are MeantSD and range of detection.

dDifferent character on the shoulder means statistically different group by Duncan’s multiple range test (p<0.05).
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Fig. 2. Contents of total sugar in a dish of school meal by school
grade and food class. (a) A, B, C, and D are elementary schools in
Incheon and J, K, L, and M are elementary schools in Chuncheon.
(b) E, F, G and H are middle schools in Incheon and N, O, P, and Q
are middle schools in Chuncheon.
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Table 3. Total sugar” intake in a dish of school meal by food class

Sugar intake (g)

Food class (N)
Elementary school Middle school Total

Main dishes (268) 0.55+1.48% (0.00-13.31)
Cooked rice (203) 0.18+0.50 (0.00-4.30) 0.2140.34 (0.00-1.65) 0.2040.432% (0.00-4.30)
Cooked rice with seasoning (37) 0.74+0.72 (0.00-2.08) 3.24+3.88 (0.00-13.31) 1.9643.02°? (0.00-13.31)
Noodles (18) 0.75+0.83 (0.00-2.62) 2.04+2.71 (0.00-8.77) 1.46+2.19%7(0.00-8.77)
Cooked gruels (10) 1.29+0.94 (0.00-2.91) 0.78+0.81 (0.00-2.01) 1.03£0.91°% (0.00-2.91)

Side dishes (943) 0.64+1.01 (0.00-7.98)
Side dishes soups (17) 0.31+0.61 (0.00-3.40) 0.29+0.34 (0.00-1.52) 0.30+0.48¢ (0.00-3.40)
Stew (39) 0.31+0.43 (0.00-1.67) 0.33+0.39 (0.00-1.45) 0.32+0.412 (0.00-1.67)
Tangs and chon-gol (34) 0.13+0.30 (0.00-1.35) 0.42+0.43 (0.00-1.44) 0.27+0.402 (0.00-1.44)
Stir-fried foods (125) 0.62+0.69 (0.00-3.31) 1.59£1.73 (0.00-7.17) 1.03+1.32°% (0.00-7.17)
Fried foods (55) 1.23+1.51 (0.00-5.64) 1.99+1.96 (0.00-7.70) 1.661.81%7(0.00-7.70)
Pan-fired foods (26) 0.41£0.56 (0.00-2.29) 0.18+0.16 (0.00-0.51) 0.33+0.472 (0.00-2.29)
Preserved foods (57) 0.51£0.51 (0.00-2.01) 1.37£1.69 (0.00-7.57) 0.97+1.35°® (0.00-7.57)
Roasted foods (48) 0.30+0.51 (0.00-1.82) 1.06+1.37 (0.00-4.16) 0.65+1.07% (0.00-4.16)
Steamed foods (33) 0.48+0.61 (0.00-1.70) 1.13£1.36 (0.00-4.97) 0.83+1.14°% (0.00-4.97)
Seasonsed vegetables (117) 0.53+0.62 (0.00-2.71) 0.8+1.11 (0.00-4.74) 0.67+0.92°% (0.00-4.74)
Salted foods (4) 0.34+0.10 (0.23-0.47) 0.26+0.00 (0.23-0.26) 0.32+0.092 (0.23-0.47)
Kimchies (239) 0.36+0.32 (0.00-1.91) 0.40+0.26 (0.00-1.78) 0.38+0.292 (0.00-1.91)
Sauces (29) 0.51£0.56 (0.02-2.04) 1.67+2.10 (0.03-7.98) 0.95+1.48° (0.02-7.98)

Desserts (123) 4.63+5.11 (0.00-26.58)
Fruits (43) 2.01£1.18 (0.30-5.68) 3.1443.37 (1.01-13.71) 2.43+£2.32°(0.30-13.71)
Breads and confectionery (44) 2.38+2.53 (0.00-8.71) 2.65+3.01 (0.00-11.50) 2.55+2.85°(0.00-11.50)
Drinks (13) 16.6+5.09 (11.51-21.69) 10.89+6.17 (2.57-21.69) 11.77+6.36" (2.57-21.69)
Dairy products (23) 6.59+0.74 (5.19-7.45) 12.00£7.33 (5.80-26.58) 8.71+5.32°(5.19-26.58)

DTotal sugar includes fructose, glucose, sucrose, maltose, and lactose.
?The values are Mean£SD.
IDifferent character on the shoulder means statistically different group by Duncan’s multiple range test (p<0.05).
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Fig. 3. Compare total sugar intake with sugar contents by food
class. (a) Main dishes, (b) Side dishes, and (c) Desserts.
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Table 4. Compare food consumption and total sugar intake from school lunch according to school grade in Incheon and Chuncheon

Schools Regions days  Food intake per meal (g)”  Sugar intake per meal (g)" supl)\pl)(l)i.e(()lf(;ieas);ft s Fruits 1(1:/0(;essens

Incheon 60 352.0 (251.1-520.5) 4.58 (0.22-22.89) 32 31

Elerr;lentilr’y Chuncheon 60 381.8 (223.2-539.1) 3.49 (0.18-15.12) 27 63
schoo

Total 372.6 4.03 59 46

) Incheon 60 451.7 (304.8-642.6) 7.28 (0.70-31.69) 28 18

Mfdlf Chuncheon 60 439.1  (316.5-650.0)  6.70 (0.42-23.35) 35 31
schoo

Total 449.2 6.97 63 25

Total 240 406.1 (223.2-650.0) 5.50 (0.18-31.69) 122 35

UThe values are Mean (Min-Max).
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Table 5. The example of menu containing high sugar intake in
Incheon and Chuncheon

Menus Sugar intake per Sugar intake per

menu (g) meal (g)

Rice mixed with vegetables

and bulgogi 1331

Egg soup 0.00

Fried dishes with vegetables 1.17 23.35
Kimchi 0.16
Juice 8.71

Stir-fried squid with rice 9.85
Bean-paste soup 0.16
Morning sand 1.42 2242
Kimchi 0.30
Juice 10.69
Cooked rice 0.00
Tang 0.00
Sweet and sour pork 8.24
Seasoned vegetables 0.00 31.69
Kimchi 0.43
Processed milk 23.02

0]
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