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Evaluation of Elementary School Lunch Menus (1) :
Based on Food Diversity and Nutrient Content

Son, Eun-Jung - Moon, Hyun-Kyung'
Dept. of Food & Nutrition, Dankook University

ABSTRACT

The sound dietary habit is formed in childhood, which is basic foundation for keeping health. The school
foodservice is practiced to provide proper nutritions, to establish the sound dietary habit. Continuous evaluation and
improvement are necessary to operate school foodservice effectively. This study was conducted to evaluate the
quality of meals served in elementary school based on nutrient content, food diversity. A questionnaire was mailed
to dietitian of each school requested for menus of one week. Menus served in 77 schools from each province and
major cities in Korea were analyzed. The results of this study were summarized as follows; Compared to 1/3 of
RDA for children, many schools provide lower amounts of energy, calcium and Vitamin A. Proportions of energy
from carbohydrate, protein and fat were 59.64%, 17.43% and 20.11%, respectively and were not significantly
different by the area, the foodservice system, and the number of persons served. NAR(nutrient adequacy ratio) were
lowest for calcium(0.67) and Vitamin A(0.65). MAR(mean adequacy ratio) was 0.83. The results of comparison of
NAR and MAR by the area, the foodservice system, and the number of persons served were similar to those of
nutrient contents. Comparing foods served by the nutrient density were different by nutrient contents, NAR and
MAR. Mean nutrient density per meal were higher in large cities than in small cities and rural area, in conventional
than in commissary foodservice system. Mean number of dishes and food items per meal were 5.86 and 19.87,
respectively. The mean of total quantity of each food group per meal was 352g. The mean of total quantity of each
food group per meal were higher in small cities and rural area than in large cities, in commissary than in
conventional foodservice system. This study is based only on served menus, and the evaluations of meals based on
actual consumption of children are needed. These results suggest that in order to improve the quality of school food
service, realistic standard should be suggested and basic study should be done continuously.
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Table 1. The distribution of subjects by the nutrient content as percentage of RDA and area

Unit : N'(%)

%RDA<75% 125%<%RDA
Nutrient Large cities Small cities Total Large cities Small cities Total

and rural areas and rural areas
Energy™" 80(59.26)" 113(39.65) 193(45.95) 0( 0.00) 8( 2.81) 8( 1.90)
Protein” 29{21.48) 19( 6.67) 48(11.43) 45(33.33) 148(51.93) 193(45.95)
Ca’ 82(60.74) 158(55.44) 240(57.14) 13( 9.63) 68(23.86) 81(19.26)
P 17(12.59) 15( 5.26) 32 7.62) 60(44.44) 177(62.11) 237(56.43)
Fe 67(49.63) 112(39.30) 179(42.62) 13( 9.63) 39(13.68) 52(12.38)
Vitamin A 87(64.44) 161(56.49) 248(59.05) 18(13.33) 35(12.28) 53(12.62)
Vitamin By’ 37(27.41) 52(18.25) 89(21.19) 27(20.00) 90(31.58) 117(27.86)
Vitamin B,” 58(42.96) 86(30.18) 144(34.29) 26(19.26) 110(38.60) 136(32.38)
Niacin™ 22(16.30) 20( 7.02) 42(10.00) 52(38.52) 154(54.04) 206(49.05)
Vitamin C 11 (8.15) 20¢ 7.02) 31( 7.38) 75(55.56) 193(67.72) 268(63.81)

' N = number of meals

' Numbers in parenthesis are %RDA within each area.
" Significantly different between the two areas by X-test (* : p<0.05, ” : p<0.01).

7} A 75% vk FE8ke Hlgo] B, ©
w9l uolobal, HIEM C= HRHS 125% 23}
2 ZHEshe vlgol w2 7ol ri(Table 1).

AAERE EAPE BE gokiold W] 75%
ojgke FE8kE Hlgol ¥UI, F4%A E FE
Hlgl AE A|9JF L R] gGgiol|A] 125% 2R
T8l vl&o] EStti(Table 1).
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ek Zwo] A9 AAAHR 57.14%71 75% WEkE
TEth et FExelae Ae 80.77%E F
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A Ackp<0.01). HIEF A9] H9- F4 A¥S7} wE

Table 2. The distribution of subjects by the nutrient content as percentage of RDA and foodservice systems

Unit : NT(%)
%RDA<75% 125%<%RDA
Nutrient Conventional Commissary Joint Total Conventional Commissary Joint Total
management management

Energy 162(48.07)" 6(23.08) 25(43.86) 193(45.95) 5( 1.48) 0( 0.00) 3( 5.26) 8( 1.90)
Protein’ 45(13.35) 0( 0.00) 3( 5.26) 48(11.43) 147(43.62) 12(46.15) 34(59.65) 193(45.95)
Ca” 181(53.71)  21(80.77) 38(66.67) 240(57.14) 66(19.58) 2( 7.69) 13(22.81) 81(19.29)
P 29( 8.61) 0 0.00) 3( 5.26) 32( 7.62) 184(54.60) 14(53.85) 39(68.42) 237(56.43)
Fe 149(44.21) 10(38.46) 20(35.09) 179(42.62) 41(12.17) 6(23.08) 5( 8.77) 52(12.38)
Vitamin A 202(59.94) 11(42.31) 35(61.40) 248(59.05) 45(13.35) 3(11.54) 5( 8.77) 53(12.62)
Vitamin B, 76(22.55) I( 3.85) 12(21.05) 89(21.19) 87(25.82) 9(34.62) 21(36.84) 117(27.86)
Vitamin B 123(36.50) 7(26.92) 14(24.56) 144(34.29) 111(32.94) 7(26.92) 18(31.58) 136(32.38)
Niacin’ 38(11.28) 0( 0.00) 4( 7.02) 42(10.00) 154(45.70) 20(76.92) 32(56.14) 206(49.05)
Vitamin C 29( 8.61) 0( 0.00) 2( 3.5 31 (7.38) 206(61.13) 21(80.77) 41(71.93) 268(63.81)

¥ N = number of meals
! Numbers in parenthesis are %RDA within each system group.

Y Significantly different among foodservice systems by X-test (" : p<0.05, ' : p<0.01).
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Table 3. The distribution of subjects by the nutrient content as percentage of RDA and the number of

persons served

Unit : N'(%)
%RDA<75% 125%<%RDA

Nutrient Over 1200 400~1200  Under 400 Total Over 1200 400~1200  Under 400 Total

(N=138) (N=148) (N=144) (N=430) (N=138) (N=148) (N=144) (N=430)
Energy 59(44.70)"  66(49.62) 68(43.87) 193(45.95) 5( 3.79) 1( 0.75) 2( 1.29) 8( 1.90)
Protein™ 11( 8.33) 24(18.05) 13( 8.39) 48(11.43) 61(46.21) 52(39.10) 80(51.61)  193(45.95)
Ca” 56(42.42) 80(60.15)  104(67.10) 240(57.14) 30(22.73) 20(15.04) 31(20.00) 81(19.29)
P’ 5( 3.79) 17(12.78) 10( 6.45) 32( 7.65) 83(62.88) 66(49.62) 88(56.77)  237(56.43)
Fe' 62(46.97) 63(47.37) 54(34.84) 179(42.62) 11( 833) 21(15.79) 20(12.90) 52(12.38)
Vitamin A 69(52.27) 82(61.65) 97(62.58) 248(59.05) 21(15.91) 14(10.53) 18(11.61) 53(12.62)
Vitamin B, 23(17.42) 34(25.56) 32(20.65) 89(21.19) 36(27.27) 32(24.06) 49(31.61)  117(27.86)
Vitamin B, 37(28.03) 54(40.60) 53(34.19) 144(34.29) 53(40.15) 36(27.07) 47(30.32)  136(32.38)
Niacin' 10(7.58) 20(15.04) 12( 7.74) 42(10.00) 58(43.94) 58(43.61) 90(58.06)  206(49.05)
Vitamin C’ 2( 1.52) 15(11.28) 14( 9.03) 31( 7.38) 87(65.91) 78(58.65) 103(66.45)  268(63.81)
" N = number of meals
! Numbers in parenthesis are %RDA within each group.
" Significantly different among groups by X-test (" : p<0.05, " : p<0.01)

G5 A tiy] 75% niike g Fgdhs Hlgo] W
< o] UMTHp>0.05). olohil F4] Q1o
120078 Z1Q1 97t AYTFS] 75% vte g 34
3k= Hl&ol Han 125% 22 FF8k= HRE 4
=2 ¥4 4 AUAUP<0.05), HIEH] C= F4] Qo]
400~1200 < u) PASFO] 75% n|ghe LIE=
HE-E B, A 125% 2R FEdhs HER

52 & 7 AAKPp<0.05)(Table 3).
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Table 4, Comparison of NAR and MAR by the area

Small cities

Nutrient Large cities Total
and rural areas

Energy”™"™" 0.69+0.18" 0.79+0.17 0.75£0.18
Protein™ 0.89+0.18 0.95+0.11 0.93+0.14
Ca 0.63+0.28 0.69+0.29 0.67+0.29
P’ 0.93+0.14 0.97£0.09 0.96+0.11
Fe 0.76+0.20 0.79+0.20 0.78+0.20
Vitamin A’ 0.60+0.31 0.67+0.28 0.65:0.29
Vitamin B;"" 0.84+0.17 0.91£0.15 0.89:0.16
Vitamin B, 0.76+0.22 0.84+0.20 0.81+0.21
Niacin 0.90+0.16 0.95+0.11 0.9410.13
Vitamin C 0.94:0.13 0.96+0.11 0.9510.12
MAR™ 0.79+0.13 0.85+0.12 0.83+0.13
T: MeantS.D.

" Mean values are significantly different between the two areas
by t-test (" : p<0.05, ™ : p<0.001).
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Table 5, Comparison of NAR and MAR per meal by
the foodservice system

Table 6. Comparison of NAR and MAR per meal by
the number of persons served

Nutrient Conventional ~ Commissary Joint

management
Energy 0.7510.187 0.81+0.09 0.7910.17
Protein™ 0.92+0.15"” 0.98+0.05° 0.96+0.10®
Ca 0.68+0.29 0.57+0.22 0.63+0.29
P 0.95+0.11 0.99£0.04 0.97+0.09
Fe 0.77+0.20 0.84+0.19 0.79+0.20
Vitamin A’ 0.64+0.30° 0.80+0.20° 0.64+0.29"
Vitamin B;’ 0.88+0.16" 0.9510.12" 0.9240.13"
Vitamin B, 0.80+0.22 0.87+0.16 0.86+0.16
Niacin® 0.93+0.14° 0.99+0.03" 0.95+0.13%
Vitamin C 0.95+0.12 0.99+0.03 0.97+0.10
MAR 0.83+0.14 0.88+0.06 0.85+0.10
T MeantS.D.

"' Mean values are significantly different among groups by Duncan’s
multiple range test {* : p<0.05).

» Means with the other letter in the same row are significantly
different.
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3) 9%+ Yx(Nutrient Density, ND)
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Nutrient Over 1200 400~1200 Under 400
Energy 0.77+0.17" 0.73+0.20 0.77£0.17

Protein’ 0.95+0.12  0.90:0.17° 0.94+0.13°
Ca™ 0.75+0.28" 0.6410.29" 0.63£0.28"
P 0.97+0.08° 0.93+0.14" 0.96+0.10°
Fe 0.79+0.18 0.75+0.22 0.79:0.21

Vitamin A 0.69+0.29 0.63+0.29 0.63:0.30

Vitamin By’ 0.90+0.15° 0.86+0.17 0.90+0.15°
Vitamin By’ 0.84+0.20* 0.77+0.23" 0.82+0.20°
Niacin 0.94+0.13 0.9110.15 0.9540.13

Vitamin C’ 0.98+0.07* 0.93+0.14" 0.95+0.13*
MAR"™ 0.86+0.12 0.81:0.14° 0.83+0.12*
T MeanzS.D.

" Mean values are significantly different among groups by Duncan’s
multiple range test (" : p<0.05, " : p<0.01, ™ : p<0.001).
? Means with the other letter in the same row are significantly

different.
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Table 7, Comparison of mean nutrient density by

the area
Nutrient Large cities Small cities Total
and rural areas

Protein™ 1.33+0.33" 1.25£0.25 1.28+0.28
Ca 0.95+0.56 0.87+0.31 0.89+0.41
p™ 1.42+0.37 1.28+0.27 1.3340.31
Fe™ 1.15+0.40 1.02+0.21 1.06+0.29
Vitamin A 0.92+0.57 0.87+0.38 0.88+0.45
Vitamin B" 1.2740.29 1.18+0.21 1.21£0.24
Vitamin B, 1.13£0.35 1.08+0.21 1.10+0.27
Niacin™ 1.37+0.35 1.26+0.27 1.30+0.30
Vitamin €™ 1.51£0.65 1.28+0.34 1.35+1.47
' . Meant$.D,

" Mean values are significantly different between the two
areas by t-test (* 1 p<0.05, " : p<0.01, ™" : p<0.001),
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Tabie 8. Comparison of mean nutrient density by the
foodservice system

BEx: =Y

Table 9, Comparison of mean nutrient density by the
number of persons served

Nutrient Conventional Commissary Joint

management
Protein 1.28+0.29" 1.22+0.13 1.27+0.26
ca™" 0.92:0.42%  0.71:027°  0.80:0.35"
P 1.34+0.33 1.23+0.13 1.28+0.28
Fe 1.07+0.30 1.04+0.24 1.01+0.24
Vitamin A 0.88+0.47 0.99+0.26 0.8410.41
Vitamin B 1.22+0.26 1.17+0.14 1.19+0.17
Vitamin B, 1.09+0.27 1.07+0.20 1.12+0.26
Niacin 1.31+0.32 1.24+0.14 1.25+0.27
Vitamin C 1.3740.51 1.23+0.14 1.30+0.34
T . MeanzS.D.

" Mean values are significantly different among groups by Duncan's
multiple range test (" : p<0.01).

% Means with the other letter in the same row are significantly
different.

ZojjA Zw HEW] A 1S
o shurt G 357} S Aolsley o4
Aol YA ot 22 0928 {foHes W=
G517} EPckp<o. 01)(Table 8).

4 A YL s F Zol7h et
el F4 g7 1200 2 W 22 AL
& 4 ASATHP<0.01)(Table 9).

P UERE AHE G4 AgE ¢ B
w2 23X, NAR, MARZN= o2 ol qich A|Hd
2= =] gl g4 fEEEs 9529 3
Hof|A Foka Y=t wE d%a Wt 24 ¥

WA glokm, 9

Nutrient Over 1200 400~1200  Under 400
Protein 1.28+0.257  1.30:0.34 1.27+0.24
Ca™" 0.98+0.317  0.90+0.55*  0.81+0.32°
P 1.3310.29 1.36+0.37 1.30+0.27
Fe 1.05+0.26 1.08+0.38 1.04+0.23
Vitamin A 0.9110.43 0.91+0.50 0.8310.41
Vitamin B, 1.20+0.25 1.2240.27 1.20£0.20
Vitamin B, 1.1140.24 1.09+0.32 1.08+0.23
Niacin 1.28+0.29 1.33+0.36 1.2840.26
Vitamin C 1.3410.35 1.42+0.65 1.3010.36
T : MeantS.D.

" Mean values are significantly different among groups by Duncan’s
multiple range test (* : p<0.01).

2 Means with the other letter in the same row are significantly
different.
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7l Bzt sk
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Table 10. Mean number of dishes and food items per meal by the area
Large cities Small cities and rural areas Total
No. of dishes™" 5.47+0.75" 5.99+1.11 5.86+1.05
No. of food items 20.2016.08 19.71+7.09 19.87+6.79
T MeantS.D.
Y Mean values are significantly different between the two areas by t-test (" : p<0.001).

Table 11, Mean number of dishes and food items per meal by the foodservice system

Conventional Commissary Joint management
No. of dishes™™" 587+1.10™ 5.47+0.64° 5.91+0.93°
No. of food items™ 20.81+7.16° 15.00+2.42° 17.69+4.89"
T : MeantS.D.
) Mean values are significantly different among groups by Duncan's multiple range test (* : p<0.01, " : p<0.001),

? Means with the other letter in the same row are significantly different.
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Table 12, Mean number of dishes and food items per meal by the number of persons served

Over 1200 400~1200 Under 400
No. of dishes™" 5.84+0.88™ 6.05¢1.17° 5.70+1.00°
No. of food items™ 23.4417.26 20.6416.73° 16.60+4.62°

' MeantS.D.

" Mean values are significantly different among groups by Duncan’s muiltiple range test (

9

: p<0.001).

Y Means with the other letter in the same row are significantly different.
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Table 13, Comparison of mean contents of each food group by the area

Food group Large cities Small cities and rural areas Total
Cereals and grain product’™™” 76.22+20.04" 86.79+22.34 83.39+22.16
Potatoes and starches roots 24.89:21.03 25.82+19.38 25.52+19.90
Sugars and sweets 4.04+4.51 3.47+6.80 3.6516.15
Legumes and their products’ 16.50+18.78 21.71425.01 20.03+23.30
Seeds and nuts™ 2.09+2.51 4.38+6.10 3.65+5.33
Vegetables™ 81,72430.62 92.11+35.62 88.77+34.40
Fungi and mushrooms 6.3816.64 7.25+6.22 6.9716.36
Fruits™ 38.25+30,92 48.73+45.79 45.36+41.85
Meat and their products 36.09+28.67 38.52+26.43 37.74+27.16
Eggs’ 1437+13.29 17.71+15.23 16.64+14.70
Fishes and shellfishes’ 25.64124.46 31.69+25.00 29.75+24.96
Scaweeds 2.3614.41 2.76+3.89 2.63+4.07
Milk and dairy products’™ 53.78+76.60 92.55+97.48 80.09+92.98
Oils and fats 3.32+4.49 3.60+4.96 3.51+4.81
Beverages and alcohol 0.41+0.60 0.58+1.32 0.52+1.14
Seasonings 16.26+13.33 7.74+7.55 11.05+8.59
Processed foodstuffs™ 33.47+21.25 20.31+22.48 24.54+22.91
Others 0.3110.75 0.30+1.01 0.30+0.94
Total™ 306.26191.33 378.45+126.17 355.25+120.81
! : MeantS.D.

" Mean values are significantly different between the two areas t-test (* : p<0.05, ™ : p<0.01, ™ : p<0,001).
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Table 14, Comparison of mean contents of each food group by the foodservice system

Food group Conventional Commissary Joint management
Cereals and grain product™" 80.68+20.69 "% 102.35+23.18 90.74+24.46°
Potatoes and starches roots’ 24.46+20.50" 2425£12.17° 32.37+17.89°
Sugars and sweets’ 3.62+3.90" 1.00+0.89b 5.07+13.66
Legumes and their products 20.09+24.47 24.75+15.44 17.56+18.60
Seeds and nuts” 3.27+5.25" 6.66:4.22° 4.49+5.74°
Vegetables™ 85.56+33.36 120.96+41.48" 93.05£29.12°
Fungi and mushrooms™ 6.41+5.93" 8.62+6.60" 9.51+7.93*
Fruits™ 43.63+42.46" 82.06+40.19" 38.84+29.60°
Meat and their products” 35.39+25.10° 47.24132.70° 47.34+33.05°
Eggs” 16.25+14.24" 10.15£14.08 21.89+16.23"
Fishes and shellfishes™ 28.32+23.27" 55.30+39.34° 26.56+19.82°
Seaweeds 2.51+4.09 1.98+1.38 3.64+4.60
Milk and dairy products™ 84.50+90.46" 3.58+4.80 88.91+112.53"
Oils and fats™ 4.02+5.05* 0.65+1.18" 1.79+3.31b
Beverages and alcohol™ 0.4810.98" 0.00+0.00° 1.05+1.86"
Seasonings’ 11.20+8.09" 16.26+13.33° 7.74+7.55¢
Processed foodstuffs™ 26.77+22.03" 19.65+25.35% 13.60+23.75°
Others™* 0.21+0.59 1.15+2.15° 0.44+1.43
Total 353.12+126.47 360.67+63.67 365.33+106.23

T : Mean+S.D.

" Mean values are significantly different among groups by Duncan’s multiple range test (* : p<0.05, ™ : p<0.01, " : p<0.001).
» Means with the other letter in the same row are significantly different.
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Table 15. Comparison of mean contents of each food group by the number of persons served

Food group Over 1200 400 ~1200 Under 400
Cereals and grain product” 105.15+94.927 74.67+£101.79" 69.34+93.20°
Potatoes and starches roots’ 24,63+21,52 24.411+18.20a 27.24+19.88°
Sugars and sweets 3.96+3.65 3.47+4.14 3.55+8.77
Legumes and their products 19.23+30.20 17.40+17.59 22.98+20.51
Seeds and nuts 3.10+6.09 3.64+5.03 4.12£4.84
Vegetables® 87.79£25.57" 83.24+33.47" 94.34+40.56°
Fungi and mushrooms 6.7715.55 7.6616.74 6.55£6.66
Fruits 40.35+44.30 43.89134.92 50.89+44.67
Meat and their products 35.12224.22 35.83+28.35 41.61+28.19
Eggs 16.16+15.01 16.85+15.09 16.86+14.18
Fishes and shellfishes™ 25.18+21.19° 27.04123.82 35.961+27.62°
Seaweeds 2.92+4.61" 1.74+2.57b 3.144 50°
Milk and dairy products™ 105.15494.92¢ 67.75+86.31" 69.34+93.20°
Oils and fats 3.40£3.10 4.12+4.57 3.09+6.03
Beverages and alcohol™ 0.29+0.43b 0.40+0.70b 0.83+1.67°
Seasonings 11.12+7.85 10.99+7.98 11.04+9.69
Processed foodstuffs’™ 2825422 .44 29.47:20.16" 17.17+23.89"
Others’ 0.11:0.40" 0.36:+0.74" 0.42+1.32"
Total™ 380.57+122.78° 330.04+120.60° 355.30+115.43"
' MeantS.D.

" Mean values are significantly different among groups by Duncan’s multiple range test (

D p<0.05, 7 p<0.01, 7 1 p<0.001).

* Means with the other letter in the same row are significantly different.
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