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Survey on the Patterns of Fortified Food Consumption and Intake of Vitamins and
Minerals in Fortified Foods by Elementary School and Middle-School Students in Korea
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Abstract

This study was performed to investigate patterns of fortified food (FF) consumption and intake of vitamins and minerals
from FFs among 577 Korean children (12.4 years of age) who attended elementary or middle school. FFs eaten by children
as a snack were surveyed using the food record method during 3 days, including 2 week days and one weekend. As a result,
114 FF items were eaten by the children, and several kinds of nutrients such as vitamin A, D, E, B complex, C, calcium (Ca),
iron (Fe), and zinc (Zn) were fortified in these foods. Ca-FFs (65.8%) were most frequently consumed, followed by vitamin
C-FFs (33.4%) and vitamin D-FFs (33.3%). The number of FF items in each food group was the most in the milk group
(n=24, 21.0%), followed by the beverage group (n=19, 16.7%), and the cookie/bread/cake group (n=17, 14.9%).
Fortified nutrients in FFs were in various combinations, but the major combination patterns were Ca, Ca plus vitamins, Ca
plus vitamins plus other minerals, and Ca plus other minerals. Daily mean intakes of vitamins and minerals from the FFs
were 66-300% more than those of the recommended nutrient intake (RNI ) or adequate intake (Al ) for most vitamins and
minerals. Daily maximum intakes (95th percentile) of vitamins and minerals from FFs were 1-15 times the RNI or Al for most
vitamins and minerals. Vitamin and mineral consumption ratios from each FF group were different according to the kind of
fortified nutrient. For example, vitamin C was mostly eaten in fortified beverages (46-54%), and Fe was mostly eaten in
fortified cookie/breads/cakes (87%). The above results show that FF consumption varied widely among the children, and
that most of the children’s foods were fortified with several vitamins and minerals without a common rule; thus, subjects
risked over consuming vitamins and minerals by eating FFs. Therefore, practical guideline on FF use for children’s optimal
nutrition and health should be provided through nutrition education.
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<Table 1> General characteristics of subjects

Variables ES MS Total
Age (years) 10.8+0.0(9-11)? 14.0+0.0(13-15) 12.4+0.1(9-15)
Residence area

Seoul city 1113( 35.7) - 111( 19.2)
Gongju city 200( 64.3) 138( 51.9) 338( 58.6)
Pyeongtack city - 128( 48.1) 128( 22.2)

Gender
Males 148( 47.6) 145( 54.5) 293( 50.8)
Females 163( 52.4) 121( 45.5) 284( 49.2)
Total 311(100.0) 266(100.0) 577(100.0)

ES: elementary school students
MS: middle school students
YMean=SD

JRange of age

9Number of subjects
YPercentage of total



<Table 2> A status of fortified foods according to type of nutrient
fortified in processed foods eaten by subjects

Food group according to type

1 0,
of nutrient fortified Number of item (%)

Vitamin A fortified foods 280( 24.6)?
Vitamin D fortified foods 38( 33.3)
Vitamin E fortified foods 23( 20.2)
Vitamin B complex fortified foods 28( 24.6)
Vitamin C fortified foods 38( 33.4)
Calcium fortified foods 75( 65.8)
Iron fortified foods 21( 184)
Zinc fortified foods 13( 11.4)
Total 114(100.0)

DSome fortified foods eaten by subjects were overlapped because
some foods were fortified with more than two kinds of nutrients.
DNumber of item fortified with specific nutrient/ total items fortified
with all kinds of nutrient
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<Table 3> Combination pattern of fortified nutrients of each processed food group eaten by subjects

Number of item fortified

. . . 0
with nutrient, N(%) Combination pattern of fortified nutrient, N(%o)

Food group

O Ca: 10(58.8)?, @ CatFe: 2(11.8), @ Catvitamin C: 1(5.9), @ Fe: 1(5.9),
® Fetvitamin B complex: 1(5.9), ® vitamin B complex: 1(5.9), @ vitamin C: 1(5.8)

@ CatZn+vitamin A+vitamin D-+vitamin E+vitamin B complex: 3(33.3),

@ CatFet+Zn+vitamin A+vitamin D+vitamin E+vitamin B complex: 3(33.3),
® Fet+Zn+vitamin D+vitamin E+vitamin B complex: 2(22.3),

@ Fe+Zn+vitamin A+vitamin E+vitamin B complex: 1(11.1)

@ Ca: 7(29.2), @ Catvitamin D: 4(16.7), @ Ca+Fe: 3(12.5), @ vitamin A-+vitamin
D: 3(12.5), ® Catvitamin A+vitamin D+vitamin E+vitamin C: 2(8.3), ® Catvitamin
A-+vitamin D+vitamin E+vitamin B complex-+vitamin C: 1(4.2), @ Cat+Fe+vitamin
D+vitamin B complex: 1(4.2), ® CatFe+tvitamin A+vitamin D+vitamin E+vitamin B
complex: 1(4.2), @ vitamin C: 1(4.1), @ vitamin A+vitamin D+vitamin E+vitamin
B complex: 1(4.1)

Cookie, Bread, Cake 17(14.9)

Cereal 9 7.9

Milk 24(21.0)

D Ca: 6(35.3), @ vitamin A-+vitamin D+vitamin E+vitamin B complex-+vitamin C:
2(11.8), @ Catvitamin D: 1(5.9), @ Cat+vitamin E+vitamin B complex+vitamin C:
1(5.9), ® CatFe: 1(5.9), ® CatFet+vitamin A+vitamin B complex +vitamin C:
1(5.9), @ CatFetvitamin D+vitamin B complex+vitamin C: 1(5.9), ® Ca+Zn+
vitamin A: 1(5.9), @ vitamin A: 1(5.9), @ vitamin A+vitamin E: 1(5.8),

@ vitamin D+vitamin E+vitamin B complex+vitamin C: 1(5.8)

Cheese 6( 5.3) @ Ca: 3(50.0), @ Catvitamin D: 2(33.3), @ Ca+Fetvitamin A+vitamin D: 1(16.7)

® Catvitamin D: 2(22.2), @ Ca: 1(11.2), @ Catvitamin A +vitamin D+vitamin
B 1(11.1), @ Catvitamin A+vitamin D+vitamin E+vitamin B,: 1(11.1), ® Ca+
Soy milk 9 7.9 vitamin A-+vitamin D+vitamin B complex-+vitamin C: 1(11.1), ® Cat+Fe+folic acid:
1(11.1), @ CatFetvitamin A+vitamin D-+vitamin B complex-+vitamin C: 1(11.1),
vitamin A+vitamin D+vitamin E+vitamin B complex+vitamin C: 1(11.1)

@ Ca: 8(42.1), @ vitamin C: 8(42.1), @ Catvitamin C: 1(5.3), @ Ca+vitamin
Beverage 19(16.7) D+vitamin C: 1(5.3), ® Ca+Zn+vitamin A+vitamin D+vitamin E+vitamin B
complex-+vitamin C: 1(5.2)

Fermented milk 17(14.9)

Candy, Chocolate,

Sweetened red bean jelly 5(44) @ vitamin C: 4(80.0), @ vitamin E: 1(20.0)
Gum 2(1.7) @ vitamin C: 2(100.0)
Ice cream 6( 5.3) @ vitamin C: 6(100.0)
Total 114(100.0)

DNumber of item fortified of each food group/ number of total items fortified of total food group
DNumber of item fortified with specific combination pattern of each food group/ number of total items fortified with total combination patterns of
each food group

B foll= Z+2F 231 mg(0.45-3.51 mg)? 2.97 mg(2.97- 2 theo] HE B OE EST 81.7%, MS 181.8%>H]
2.97 mg)e] 7Zsl=o] Qo] Hls=gt ot Bl DE EST 93.4%, MST 1209%>c}S EST
87.1%, MS+ 71.3%>HS ES 78.9%, MS 65.7%=
3. JAUSHAES SoHH|EHDIR FT1E MF[2F S RNIE YeRY, ZARIARe] A 258 FEA 7hol| zto] ¢l
= Alof| Cist B2 o] UL ETOR 0|5 JUYAE RNI & Al9] 2/3-
ANV AL FdsES SEl 19 AAS sl & 3u oS AFASIL o] FYAIAES Bt ol IS
38 BEl 7 F71 A %S ESTH MSTOE Uro] W, Zo] gH o] Frhet o= vepgth E]al HIER] A,
FTA, HAAF A 95E-914, ek AF ) 95U HlEM E, BIEFT] B,, HIEFY B, HIEFY B, Uololdl, 4
Qo] AN AR AR Aol gt skl A ab, Zge] YFIsES 5o el 1Y Ha AR
7]%5(Korean Nutrition Society 2010)2] 743 #FHRNI) = RNI = AL} B3 Adfe 258 23 2%
£t FEAFZHAD] HE B1S (%) <Table 5>¢F 72t} 7 RNI == Al9] 0-1/3 F<E0]ofA] Shof|A] AAJE FEAER
sl 19 Ha A3 RNI E= AR tig v)&2 e =4 28Ut

-

4
B CollA 71 =0} EST 315.8%, MST 225.2%°]H, = ARk FFdsES B3 1Y AsE 473 1)



<Table 4> Amounts of major fortified nutrient per one serving based upon nutrition label of processed foods eaten by subjects

Food group One serving size Vitamin A (ug RE) Vitamin C (mg) Ca (mg) Fe (mg) Zn (mg)
. Cookie 30 g, 2.6 45.6 31.8 10.4
Cookie, Bread, Cake - d/Cake 70 " (42.6-42.6)" (45.6-45.6) (22.9-51.5) (0.45-30.0) -
Corl 3000 139.6 153 59.5 2.55 231
e (131.1-160.8) (10.2-25.4) (52.5-66.5) (0.99-3.54) (0.45-3.51)
144.0 3264 2.0
. 1) - -
Milk 200mL (106.0-400.0) 36.068-1100) 179 0.468.0) (12-4.6)
Fermented milk Curd type 110 mL, 117.8 143 85.0 0.75 297
Liquid type 150 mL? (0.77-231.0) (0.28-30.3) (44.0-165.0) (0.6-0.9) (2.97-2.97)
14.0 3313 0.66
1 _ _
Cheese 20g (14.0-14.0) (120.0-500.0) (0.5-0.8)
824 10.2 129.4 226
. 1) -
Soy milk 200mL. (60.0-140.0) (5.6-15.0) (20.4-210.0) (2.26-2.26)
153.0 504.0 136.2 16.0
1) -
Beverage 200mL (153.0-153.0) (5.62,0000)  (14.6-420.0) (16.0-16.0)
Candy, Chocolate, = Candy 10g, Chocolate
170.0
Sweetened red bean ~ 30g, Sweetened red - (28.1-420.0) - - -
jelly bean jelly 30g” : :
289
1) _ _ _ _
Gum 3¢ (12.9-45.0)
3872
1) _ _ _ _
lce cream 100 (129.4-875.0)
Tot 1115 186.1 163.1 3.70 7.00
(0.77-400.0) (0282,000.0)  (14.6-500.0) (0.45-30.0) (0.45-16.0)

YRecited from Food Labeling Standards (Korea Food and Drug Administration 2009)

DRecited from Dietary Reference Intakes for Koreans (2010)
9Mean
“Range

el F71d AFHES oty el st daER F
A ekl 959 =S o) RNI = Al9} H|w sk Az}
£ <Table 5>¢} 7¥o], H]EFY] D, HIElT] B, v]El B, o
olo}rl, BIEM C, &, oA HFH TS 95HELF7 25
A3} ko] H]s=EA]l RNI B AI2] 100-1,500% S5
oL} H= Ao E JERHTH
3 Fo sl 25T ST o
< &S 19 HERIE Fr1Ee] SAFF g 4
|o4&S A8 A3 <Table 6>3 2t} HIER]
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£ At S8 g AF ISl 7P Eom, 1 ﬂ~
o] Mt)/ZZH/FEL Tl 13-17%= AF sk 2
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<Table 6> Percentage of fortified nutrient intakes from each processed food group eaten by subjects

Vitamin A Vitamin C Calcium Iron Zinc
Food group
ES MS ES MS ES MS ES MS ES MS
Cookie, Bread, Cake  14.1£3.9Y  9.7+0.0 2.1+7.9 1.7£0.0 52471 3.6£4.8 872451  87.3+0.0 0.0+0.0 0.0+0.0
Cereal 9.3+6.2 7.9+4.3 1.3+10.1  0.0+0.0 8.9+£5.8 7.7£3.9 5.4+8.9 0.0£0.0 26.7£3.7 18.8£0.0
Milk 253439  22.6£3.2 6.4+7.4 0.0£0.0 192450 20.3+£3.3 43+4.7 7.7+0.0 0.0+0.0 0.0+0.0
Fermented milk 2.3+7.7 0.2+6.4 0.249.3 0.1x10.6  1.9+£7.9 2.5+59 1.4+6.8 3.1+0.0 6.0£14.6  5.9+1.6
Cheese 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 26.5£59 31.74£3.5 1.7+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Soy milk 225452  28.4+4.1 1.3£11.6  5.5£0.0 14551  14.844.1 0.0+0.0 1.9+0.0 0.0+0.0 0.0+0.0
Beverage 26559  31.2449 46.5£3.0 532422 23.844.7 194439 0.0+0.0 0.0£0.0 673+8.7 75.3£0.2
Candy, Chocolate,
Sweetened red bean 0.0+0.0 0.0+0.0 16.8+7.3 13.7£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
jelly
Gum 0.0+0.0 0.0+0.0 3.7+7.8 3.947.7 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Ice cream 0.0+0.0 0.0£0.0 21.7+63 21.9£7.8 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

ES: elementary school students
MS: middle school students
YMean+SD

I 7718 AFH O mX = Gl Hal FEzl Aol A 8l
of o] o] Fz}ER] Falal = wAHe] Utk A" =
A7 FFAHKorea Centers for Disease Control and
Prevention & Korea Health Industry Development Institute
2007)0ll4 FEFEEAFS S3F HIERIS FU1E A3 RS
HFFAIZIA] HekaL ol kL, ojdelrt 1Y Wt
Aolvte 2w e F71 A4S e FHE o o= AF
k= v &0 253 E - A5SHYOA Z 0.0/0.1%, &
1.7/0.9%, HIEFL A 5.2/1.3%, Wrololil 21.2/8.9%21 2 o=
Ebstt), 2] ojelole] uleplz} R e e FYe
Ao], Fok7kslAE dulojokz e = A} SAE| &
Sk HIER - 7713 HE3A| 507 Tkl (Kim 5 2006),
ofglo]i= The Aol 7| Hr} 1Hl 02 JURSAES W
Sl A Wk o), HER - 7712 A 43 &ol
=0+ F(Kim 5 2005; Cha 5 2007; Park & Lee 2008;
Kim % 2010; Kim & Kim 2010)S 7Fotsh wj, o] o]}
oI% S U8 Fo 12 AAs ve 17199
B A9 2] D £ g Aew ol 53] 4
ulehels) F71d0] §RE oowﬁm

S o hud
= O = R =
8 AFse 59 A4
o
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OJ

ole} A I
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e 28t dHTo=A Fallkgo] dAE
HiAISE = gle Ao = AZE.

AA|E Han(2011)9] ZARIA $-2luvet ade] 739 2
o], JIsE, dute|okEg 2 A7 s4Ee] el -
714 BRESAE B3 w9l ‘ﬂEPﬂ A3 o] 97.5W 89
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