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Riboflavin Nutritional Status of Preschool Children in Busan
Assessed by Dietary Intake and Urinary Excretion

Lim, Hwa-Jae®

Department of Food and Nutrition, Dong-eui University, Busan 614-714, Korea

ABSTRACT

To assess riboflavin status by dietary intake and urinary excretion of preschool children in Busan and to evaluate the relationship
of intakes of food and nutrient with urinary riboflavin excretion, riboflavin food frequencies of 40 common foods affecting intakes
of riboflavin by food fequency method, nutrient intake by 24hr recall and 24hr urinary riboflavin excretion were measured with 97
preschool children. The mean riboflavin intake was 0.90 mg and above RDA. Dairy group was the primary source of riboflavin
intake and provided 44.8% of the total daily riboflavin intake. The mean urinary riboflavin excretion and riboflavin excretion per
gram of creatinine were 395.21 ug and 2110.41 ug respectively. The mean riboflavin intake (p < 0.01, p < 0.01), riboflavin density
(p <0.001, p < 0.001) and urinary riboflavin excretion per gram of creatinine (p < 0.05, p < 0.05) were significantly low with the
two patterns of food group intake where dairy group was omitted (GMVFDS = 111101, consuming no dairy group and GMVFDS
= 111001, consuming no fruit and dairy groups). On the basis of urinary riboflavin excretion per gram of creatinine, 14.3% of
subjects in the group aged 1 to 3 and 18.2% of subjects in the group aged 4 to 6 were at risk of deficiency respectively. The urinary
riboflavin excretion per gram of creatinine showed positive significant correfations with usual intakes of riboflavin from food groups
of dairy (p < 0.05), meat (p < 0.05) and animal (p < 0.05). So nutritional education is needed in order to consume dairy food
group daily and to increase usual intake of animal food group including meat. (Korean J Nutrition 35(9) : 970~981, 2002)
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ZANYoFE 9799 AREXE 2~6AE HETAEe
dol 537, oo} 40|t} (Table 1). ZAIALEES]
A2} AT = Table 29 2t} 71E4E 499
7o) ) A YE AT 56.T%E 7Y Bkon] o
4742 68%7} 7V55 4% oslol ¥ Bre] 9
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Table 1. Distribution of subjects by age and sex (n = 97)

Age (yrs) Male N (%) Female N (%) Total N (%)
2 7(41.2) 10 (58.8) 17 (17.5)
3 14 (56.0) 11 (44.0) 25 ( 25.8)
4 13 (59.1) 9 (40.9) 22 ( 22.7}
5 6 (50.0) 6 (50.0) 12 (12.4)
6 13 (61.9) 8 (38.1) 21 ( 21.7)
Total 53 (54.6) 44 (45.4) 97 (100.0)




Table 2. Demographic characteristics of subjects

Characteristics Criteria No (%)
No. of family =3 11 (11.3)
4 55 (56.7)
5 20 (20.6)
6 = 11 (11.4)
Age of father (yn < 30 1(1.0)
30 £ <40 77 (79.4)
40 £ <50 17 (17.5)
50 = 2(20)
Age of mother (yr) <30 11 (11.3)
30 < <40 80 (82.5)
40 = <50 4 (4.1)
50 < 2 (21
Education level Middle school 5(5.2)
of father High school 48 (49.5)
Graduate schoo! 44 (45.4)
Education level Middle school 7(72)
of mother High school 62 (63.9)
Graduate school 28 (28.9)
Father's occupation Professional 28 (28.9)
Administrator 7(7.2)
Office worker 16 (16.5)
Salesman 12 (12.4)
Productive labourer 15 (15.5)
Service 10 (10.3)
Unemployed 5(5.2)
Mother's occupation Professional 8 (82
Office worker 1(1.0)
Salesman 3(3.1)
Productive labourer 2(2.0
Service 6 ( 6.2)
Housekeeper 77 (79.4)
Family income per month 51 - 100 3 (13.4)
(10,000 won) 101 -200 3 (54.6)
201 -300 16 (16.5)
301 -500 6 (6.2
501 = 5(5.2)
Unknown 4 (4.1)
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Table 3. Anthropometric data of subjects

B¢ G2A ob5e 2o

Age group Total
1-3yrs (n = 42) 4 -6yrs (n = 55) n = 97}
Mean + SD Mean + SD Mean + SD
Height (cm)*** 95.33 + 6.12 111.22 + 8.15 104.34 + 10.77
Weight (kg)*** 15.31 £ 2.47 19.89 + 3.81 1791 £ 4.00
Kaup index” 16.81 + 1.77 16.02 £+ 2.07 1637 + 1.97
W/H ratio™** 0.93 £+ 0.08 0.89 + 0.06 0.91 + 0.07

1) Kaup index = weight (g/height’ (cm? x 10
2) W/ ratio = waisthip ratio

Mean height, weight and W/H ratio are significantly different between the two age groups (x+: p < 0.01, #x+: p < 0.001).

Table 4. Mean daily nutrient intake of subjects

Age group Total
Nuirient 1-3yrs (n = 42) 4-6yrs (n = 55) n =97
Mean + SD Mean £ SD Mean + SD
Enorgy (keal) 1394.62 + 466.87 1447.24 + 346.35 1424.46 + 401.56
&Y (116.2)" ( 90.5) (101.6)
Protein (@) 46.65 + 14.48 46.06 = 13.26 46.31 =+ 13.73
8 (186.6) (153.5) (167.8)
Rbofiai 089 + 035 091 + 039 090 + 037
iboflavin (mg) (127.6) ©1.2) (107.0)
Riboflavin density (mg/1,000 kcal) 067 £ 0.26 063 =+ 0.21 064 + 023
1) Percent of Korean Recommended Dietary Allowance, 7th ed
th ouR] 1,000 kealF ARZENAHAFFE Z 2JA5 2lE Table 5. Distribution of subjects by riboflavin intake level as per-

ZEdsE 19 I9F 0.64 mge g AL 0.6 mgHth
E%on 1~34F (0.67 mg) 4~641F (0.63 mg)E
AgFR %ﬁkﬁ} 1998 $-2jvta} :?“1747J~°g°k}_/\}
BINPRRE 1~249 FRITNALHES 0.94 mg,
3~641 0.92 rngi AFo] 212t A 134.GA, 99.9%
FFOT wudly B 2ANGoFEEY) AP nisst
Atk 2~64 15 Yo 2@ Park 59 AFPME
B AH o] 1.36 mg (0.75 mg/1,000 keal) 2.2 B =
AoFE S AAFRT BUT 4~64] AEERAA
o5& 423 Chung¥ Changdl @T%dNE HF
A %o] Po} 0.55 mg, ot 0.50 mgo 2 ZHzt AR
55.1%. 50.4%% A#ste] £ ZAlUlgolEEe) 4~64)
A3 %Hav} ok},

}71q ZAltigolE s ARENAATL A
T5%w)%, 75~125%, 125%°1% A3 A2 BF3q
ZAMGoLE 79 e REEAS IS AW RY Table
59014 B nle} gro] A T5%u|wHe AT LS
o] ¥]&L 23.7%%.2m, 1~347 A% 9.5%, 4~6M4
9] A9 34.5%Rct. AAF 125%013S A AHEE
9] H&2 28.9%R209, 1~3MT B 47.6%, 4~6M
9] A% 14.5% 3}, g2hr AR GoFEE9] 23.7%7}F

centage of Korean RDA"

Age group Total
1-3yrs (n = 42) 4-6yrs {(n = 55) (n = 97)

N (%) N (%) N (%)
RDA < 75 4( 9.5) 19 (34.5) 23 ( 23.7)
75 < RDA < 125 18 ( 42.9) 28 (50.9) 46 ( 47.4)
125 < RDA 20 ( 47.6) 8 (14.5) 28 ( 28.9)
Total 42 (100.0) 55 (99.9) 97 (100.0)

1) Korean Recommended Dietary Allowance, 7th ed
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Table 6. Mean dietary riboflavin intake by food groups determined by food frequency method

Age group Total

Food group (mg) 1-3yrs (n = 42) 4-6yrs (n = 55) (h =97
Mean *+ SD (%) Mean = SD (%) Mean + SD (%)

Grains** 0.09 £ 0.03 (8.7) 0.11 £ 0.06 (12.6) 0.10 = 0.05 (10.9)
Legumes 0.01 £ 0.01 ( 1.4) 0.01 + 0.01 (1.1) 0.01 + 0.01 (1.2
Vegetables 0.09 + 0.07 ( 8.8) 0.09 + 0.05 (99 0.09 + 0.06 ( 9.4)
Seaweeds 0.05 + 0.04 ( 4.6) 0.04 = 0.03 (44 0.04 = 0.03 ( 4.5)
Fruits 0.06 + 0.05 ( 5.8) 0.08 = 0.21 ( 6.0 0.07 + 0.16 ( 5.9)
Total plant food products 030 + 0.13 (29.2) 033 + 0.25 339 0.32 + 0.20 (31.8)
Meats 0.05 + 0.05 ( 4.5) 0.05 = 0.03 { 4.8) 0.05 =+ 0.04 ( 4.7)
Eggs 0.12 + 0.08 (12.1) 015 + 0.12 (14.8) 0.14 = 0.10 (13.6)
Fishes 0.06 £ 0.06 ( 5.7) 0.06 + 0.14 ( 6.3) 0.06 + 0.12 ( 6.0)
Milks* 0.56 = 0.37 (48.6) 042 + 0.22 419 0.48 + 0.30 (44.8)
Total animal food products 0.79 £ 0.36 (70.8) 0.67 + 0.31 (67.7) 0.72 £ 0.34 (69.1)
Total riboflavin intake 1.09 + 0.40 099 + 0.39 1.03 = 0.40
% of Korean RDA" 155.19 + 57.72 98.89 * 39.24 123.52 £+ 55.54

Mean dietary riboflavin intakes by food groups are significantly different between the two age groups (+: p < 0.05, *+: p < 0.01).

1) Korean Recommended Dietary Allowance, 7th ed
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Kim*9] A3} (481.3 mD ¢} vlsidon, 6~T74 o}
§ o2 Kim¥% Kim™9 23] (408 1 m)EoE
=2 FEoIYU}. 19 HTF creatinine®d 3 213.99 mg
ollen, 4~6AHF (255.29 mg)? creatininewlAd ol

~3A1F (159.91 mg)9 creatinine®AZH} {21314
2ottt (p <0.001). °}& creatinine®]d o] o]} |
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Table 7. Mean daily urinary riboflavin excretion per 24hr urine of subjects

Age group Total
1-3yrs (n = 42) 4 -6yrs (n = 55) (n = 97)
Mean + SD Mean + SD Mean + SD
Urine volume (ml) 466.80 + 222.14 487.80 + 203.72 478.71 = 211.02
Creatinine (mg)*** 15991 + 83.88 255.29 + 85.35 21399 £ 96.75
Riboflavin (ug/24hr) 33350 + 284.11 44234 + 61699 395.21 £ 501.54
% of riboflavin intake 4460 + 51.60 4987 + 76.19 47.59 =+ 66.40
Riboflavin/cr (ug/g) 2497.63 + 2553.25 1814.71 £ 2586.12 211041 + 2581.07

Mean daily urinary creatinine is significantly different between the two age groups ( *+x: p < 0.001).

2 HRgtE RS 1Y o ¥4 AHE g2 4~64)
o) AT AFo] 1~347e AFH AFR} {25
d FE whddta ok AZE gEA ol o
}o 23 Leedt Kim,* Kim# Kim,™ Lee $29] creatin-
ineWlA¥3} Choi 59 dA7oA ARE F3A
creatinine®| A %7)1EX & FaPS 9 £ AMSoEE
9] el astttan & 5 YA

19 37 EEFeiAE L 39521 ugeleH, 1~
AL 333.50 ug, 4~64TS 442.34 uge ® F JHL
Zrofl 9@ ztol7t ANEh. Ao s ES) Elr el
Ao g 24N 29F RIgmiejde AF
47.59% o9, 1~3AT2 44.60%, 4~6A47F2 49.87%
At 14 e 28F Fdoled g7 R Fepynjid g
2110.41 ugelN 2™, 1~3AF2 2497.63 ug, 4~641EL
1814.71 ug2 F AH T 7213 2ho)7} Q191

AF7AA FUlelA s A obFe] BRE B3k
Pl #e ATt BS58t] vlar) ojE ) B A}
ldols e A% BlRZePNudEe Stearns 579
A obgel AT Y rZemluldek (532~928 ug) R
e @e FFo|ler, Kim¥} Yoon™o| R1g I &
H7lobse] Hltols ) AAdotse] 19 BT 28T R
Zaaini A (86.9 ug, 98.7 ug) L A#olEld g7 ER
Zepuinj A (211.0 ug, 211.8 ug) Boh= A433) 2 5
Fo|Attk. Stearns 52 ATl el o}EES] PRI
A Fol 1.4~15 mgd 35 24X 28F R T
e a3 532~928 uge ® Rl 34,
8~60.6% oI, & A7AAA v us) & o g
BEINIE) HAAFT AT wAdFe £ AFodAe] ¥
7 JRZNAAFE (0.90 mg) T 2¥F FRIgulu)a
F (395.21 ug Bt & FEo oYy PR EINLAY
o T3t 24A7F AT B REEMINd FrE L B A7)
2Rl B 47.59%9 vl 3|t} Stearns
5P 2% YnIauejdgo] AHFY) 40%013Y
A5 ERENEHF] VI FEF FEReS U

IS TRN)
3

o
o

EhlE FAZ ARG siE, £ 7AiM 2
BENAAFT i 2407 20T R EuAaF
HEANE 4759%2 40%°1do1NEl, AnZepndss
< AHEE 1Y F7 0.90 mge 2 AFE 107.0%5%
ol B REFEN ) JALHE B} AA S H
713171 3 AELFHUNERE AHEste] z=AME g R Ea)
We] 19 BF A Table 6914 AAE vls} o] A
Fe] 123.52%50I1Ach wekA gnEaue] A%
3 AWS wjidgY FFo8 B o B ZAAE S
Ad nFENIAALEE vy J39E Aoz A
Z+gt}, 3 8Er)obs e vlgtols ) FAolse] 2RE
gl Y AHE Kim# Yoon™ A9 A9 A
Aobsse EEE Fd 4% (1.28 mg, 1.26 mg)
< FFEFoI oY 2T YEZeu A (86.9 ug,
98.7 ug)< Z7}t X322 6.8%, 1.8%TE2& 34 of
5 o2 B A79) Stearns 579 S7dAR}
ml$ g FEolRen AWF AYoleid g3 2RI
Al (211.0 ug, 211.8 ug)L el Zanl Hy A3
o] ®l$=¥ Ajayi 579 10~124 Yol gololgEe] &
HF FdolEid g2 ZnZepluj e (328 ug)BthE ¥
2 FEoIY.
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A29F R dge Jde e eyl A3ty
FLEHE Brishou) 28 o &5 7HEE el of
YolEL R EFH uldEo] A vl&] 7] wio
d¥EE g BHVIES AP Sauberlich 5] g
A o5& tdoE A R FegPds 347)
ol 31 1~3479 A$ 2T 2 BnEaud o)
Aol g2 150 ugtTH ‘deficient, 150 ugel’d 500
ugPl9+2 marginal, 500 uge}ld& ‘acceptable 3 AHH)
ol 4~6MlT9] A 2T BRI d Fo] o}
€] g2 100 ugt)HE ‘deficient, 100 ugol4t 300 ug@)
uh2 ‘marginal, 300 ugol’d2 ‘acceptable & AE|E A
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A BPNEXE Al Ao g R Zel
FUSEE Hre) B zF AT T AWF T otE
d g3 FRIEGNNASE F d¥T BT dYEFnA
712291 1~3A4i 500 ug, 4~64T 300 ughietRel =
of ¥ vy RIS IHE FoHoE 453
28 4 & o

A7\M 28F FdolEd g3 YrIeeidgs 7z
AHETE IRV EXNE ER6td ZAMNAAR AOE
R ZFFYIHNE B¢ A= Table 8% 24 1~
AT 7% ‘deficient(high risk)& Holx] gton,
‘marginal(medium risk) & “Jei7} 14.3% %2, ‘ac-
ceptable(low risk) & AEl7} 85.7% At} 4~6M17<] 7
$ ‘deficient(high risk)'gd JEI7} 1.8%% 2™, mar-
ginal(medium risk)'3 AEl7} 16.4%R2™, ‘accep-
table(low risk)'3+ Ael7} 81.8%SAt}. ool Azl
2WF R Zeplud ] 9% JPTEIAAl 1~3AT
o] 79 At 14.3%, 4~641el A% ddRre] 18.2%

Table 8. Assessment of riboflavin status by urinary riboflavin ex-
cretion levels

Urinary riboflavin

(ugfg creatinine) N )

1-3 yrs

Deficient (high risk) < 150 0 (0.0
Low (medium risk) 150 < < 500 6 ( 14.3)
Acceptable (low risk) 500 < 36 ( 85.7)
Total 42 (100.0)
4-6 yrs

Deficient (high risk) < 100 1( 1.8)
Low (medium risk) 100 < <300 9 (16.4)
Acceptable (low risk) 300 < 45 ( 81.8)
Total 55 (100.0)

HEERBEH 3509 : 970~981, 2002/977

7} R Zehiigddelr)t GEER B3 Ao JEigE
dl, AthH o 4~6He] 25 lrIemIgdeizt &
3314 23 g o B3te9 deficient (high risk) ¢
AT JSS ¢ F Utk HA oS UL R
W% R Zeluld g os) el REFep I deE 3
748t A7) B-E3h v|wrt o2y Y] obsS tid
°23 Kim# Yoon? A7 e 2% Ry
Mol oJjt Gl dAAl dldztel 61%7F BB
FAFEt FTEA B Ao Yeht g olgES
Aozd 2 d7nc dRZelgPdert FsskA
23 g o 292 ¢ F v £ 79 Kim#
Yoond] A7 2 & o Ao F/1E-E R I
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Table 9= A&7 AR I 4 2 &
WZ A 5 2lREElgdEeke) #AE HES)
7] 98 ZAdes 59 AET AFHHEE Botsta 1
F A8 7 T4 ET AFHEER 19 He grE
FRAAF 2 AL FrREgYE 283 AUT PR
Zeplul g AHE Flojtt. Table 8914 Be vk} 2
ol 4% 6714 FoAET HAHET - L FAFE A
HkA & o (111101) 9] A-5-¢ #43% 7 £ FAF
S A3eA gL T (111001 F -/ 2 FAFTo] w3l
27HA AEF AFHE (111101, 111001)2) 3ol @B
A (p <0.01, p <0.0D), A FrEed
T (p <0.001, p <0.001) 2P £¥F Aoleld Z
FEZgde (p <0.05 p <0.05)0] F25HA Wk
e, HRZePNAHE (0.55 mg, 0.50 mg)= AAF 2

p =}

AHT Y

Table 9. Mean daily intake and urinary excretion of riboflavin by 6 most prevalent pattern of food group intake (GMVFDS)"

Patterns of food group intake (GMVFDS)

111111 N =39) 111011 (N =28) 111101 N=7) 111010 (N =5) 111110 (N = 4) 111001 (N = 4)
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD

Riboflavin intake
(1) mg/day** 098 + 0.35° 092 + 0.36" 055 + 0.26° 126 + 0.40° 090 + 0.40° 050 + 028
(2) mg/1,000 kcal*** 0.67 £ 0.20° 0.66 + 0.21* 040 + 0.11° 090 = 0.15% 0.68 + 0.23* 038 + 019
Urinary riboflavin
(1) ug/24hr 506.58 + 606.42 288.01 + 449.20 160.45 + 137.67 76558 + 37518 34035 + 31006 9391 + 57.15
(2) ug/g creatinine* 2803.98 + 3150.10° 1367.93 + 1702.62° 678.12 + 711.22° 4437.85 + 3348.12* 2607.76 + 2865.07° 427.60 + 82.53°

1) GMVFDS = grain, meat, vegetable, fruit, dairy and sweet groups ;

1 = food group (s) present ;. 0 = food group (s) absent

The mean intake and density of riboflavin and urinary riboflavin excretion per gram of creatinine are significantly different among patterns of
food group intake by Duncan's multiple range test (x: p < 0.05, #x: p < 0.01, ##+: p < 0.001).

Means with same letter in the same row are not significantly different.
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BETHIEE (0.40 mg/1,000 keal, 0.38 mg/1.000 keal):=
AYYol vi2d S|t oleld A7ANE ¥ 0 ¥
29 57t Ho| ATARE Nster] Algo] out ¥
ZAYOLEE QoM B AAE 4 2 §AERe
AR B A% AREANYAL, AAF eueun
% a3 enEehie A5 JPaE Yehye
¥E adoteld g HrSehauaae] SolsA B
Aoz veht % 2 4AEZS 437 2A oS
o) eluFengpte fold JL e T 5
At

B
T
a

¥t ek B

AT 2t AEE QA712Y Hae 3T 9 $-
# R RAFLY S DAF 200 g2 AHAE S5
o} A% 3 1cup (200 ml)oll sigE= Fojt}. B3] &
€ leup? 0.3 mgAEY FRIFUNE F43tn Q=
T8 FYNFE vd $7E Iy vt gluEa
W AAFERE 24 =80 B 5 A=, 100 44
€& e 2% Hodgesst Krehle) ¥ 2 Milne 5
o) AFVNNE PR INAR T} 2§44 Fo] U3}
A #BHEHo] 9oty BydlFon HiAJWE Uozd

Table 10. Correlation coefficients between urinary riboflavin ex-
cretions and the results of nutrient intake :

Urinary riboflavin excretion

Variables

ug/24hr  ug/g creatinine
Energy intake 0.056 0.042
Protein intake 0.061 0.085
Riboflavin intake (1) 0.189 0171

(2) 0.087 0.173
Riboflavin density (mg/1,000 kcal) (1) 0.158 0.163

(2) 0.014 0.106

(1) 24hr recall method (2) Food frequency method

Lopez 59 Q7N E $-59 fAIE] gr e
FHE I T F99 Ao nadqr. 2
23Q) al20]9] RZENGFYHE 24 AT E
T 2 FAFAEAA B A=) 49 gr Sl
A3 QENEL dssdctn Basta Qo B 2
AFGOFE A QlOME @A AR 2 $F L SAE
T2 YREINEFHN 7 71957 B HE PR
], 3% AAE -F lcupdl AP E H L FAE29)
AH7E W A9 gl Eamid P elol] o8 Jge u
A ALE JERt old Yo AT7AAE B o glr
FN IS s B A dolEl gkeA o
¢ HIR3 AT ENA MY H27)EF o)y &
T 2 FAEFEE HANES Y= Ao] Wl g 2

e ¢+ Y3

7. 72 QYL W AERY YH IO MYAES} AN
7 AR ES I AF AN Y

AB7A AHE ZAGFEES F8 dUdA 2 Fn
FeRle) 4R aelm AEMANEYNe R a1 B9
AEFTY R INAHLEH 59 Yol HH AT B
Fehle] A JYHEHE Uehls AW gr e
Hejdz 2 Fgoleld F grZehelujd Frle] A
£ AEE7] Y8 29F R ITeudeg 2 Folely
g AREepuidEs) 2AE 24 58 AnaAE
AW E A= Table 10, 117 2t}

WA ZANRLEES] F8 G942 2 gnIaule] 4
FAF a2a AAS YRIepass) AuE gu ey
Hd®g # Feoteld 3 fRIgwajdEge BAS
Table 10914 dHrw, F2 gUdsr 2 2rIZaulel 4

Table 11. Correlation coefficients between urinary riboflavin excretions and riboflavin intake by food groups determined by food frequency

method

. " Urinary riboffavin excretion
Variables

ug/24hr ug/g creatinine

Riboflavin intake by grains food group -0.031 ~-0.023
Riboflavin intake by legumes food group -0.185 -0.134
Riboflavin intake by vegetables food group -0.115 -0.201
Riboflavin intake by seaweeds food group -0.132 -0.089
Riboflavin intake by fruits food group -0.011 0.017
Riboflavin intake by total plant food products -0.079 -0.047
Riboflavin intake by meats food group 0.166 0.203*
Riboflavin intake by eggs food group -0.081 -0.055
Riboflavin intake by fishes food group 0.078 0.063
Riboflavin intake by dairy food group 0.149 0.214*
Riboflavin intake by total animal food products 0.157 0.223*

*. p <0.05
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