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ABSTRACT

The purposes of this study are to evaluate nutritional status and dietary intake of vitamin A in 5th and 6th grade primary school
children in Chungbuk. Also the relationships between nutritional status and factors relevant to dietary intake of vitamin A were
examined. For the study, total 180 children in urban area of Chongju city(37 boys and 40 girls) and rural area of Eumsong gun(56
boys and 47 girls) were recruited. For the assessment of dietary nutrients intake including vitamin A, 1-day, 24-hr recall method was
applied. And serum retinol contents were analyzed by HPLC to diagnose the nutritional status of vitamin A. The average of daily
vitamin A intake was 490RE., 81.8% of RDA. Vitamin A intake of urban was higher than that of rural children(p < 0.001). Of the
total dietary vitamin A intake, only 25.8% came from animal retinol, means that children still heavily depend on plant carotenoids as
vitamin A foods. The average serum retinol concentration of total 180 children was 37.2ug/100ml. Serum retinol concentration of
urban children was 37.3pg/100ml, significantly higher than rural children of 35.6pg/100ml(p < 0.05). According to the
biochemical criteria, no one was in critical vitamin A nutritional status. Because of relatively large day-to-day vitamin A intake, 1-day,
24-hr recall method may not be the proper way to assess the usual intake of vitamin A. In conclusion, to diagnose the nutritional
status of vitamin A by dietary survey, it is necessary to develop new survey technique which measure the dietary habit of the people.
(Korean J Nutrition 34(6) : 671~677, 2001)
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1. ZA Oy

TEEAA FH FFA LAl9] 258w R 37
3, 9 40%)%} BE AGY STl 2A4F 2582 14
H(F 56, o 47H)A 5~63Pd 180F-& dY LR &
AFE AAlEHA.

2. M9NZE

ZAL B shatol v E NFAS AFAE AHSER A
B3 ATE AR SRR, A AT AZAA 2
A3k BMIE AH&3t5ict.

3. HIEJQ A 40| ¥ AF TN

24 A Aol 4HAEE 1-day 24-hr recall ¥
Ho g ZARIATH ZAMIGNA ALY EH4E NG F, o
2 BAES AR AFstd "o AL U&-S 71 E349
3, ol ¥ 1%, 3 AR, AF EY T8 RAE FA B
ZFE 71E3EE STt AL 7|2 BEFE TR
g oS, CAN Z278& 0] 8319 retinol A& F2
Z vjeldl A AHAFE s

4. HED A JY 49 Y

1) W R A

HPLC #247]7]2% Waters U6K Universal injector,
M510 pump. M486 tunable absorbance detectors} HP
3396 integrator. p Bondapak™ Cs stainless steel co-
lumn(3.9 X 300 mm)& ARSI 28] EF retin-
olg 9] ke Hewlett Packard?] HP 8452A Diode-
Array Spectrophotometerg AHg-3td &4t

E3F retinol# retinyl acetate(internal stardard)<
Sigma Chemical Company A& AH&-3l9ith, HPLC
°]%54 2o 2+ Fisher ChemAlert®] acetonitrile(AcN)=}

Mallinckrodt ChromAR®9} methanol(MeOH)& A3}
Aot 183 A retinol & §9|E AM2-¥ hexane
Fisher ChemAlert A%<, ethanol& J. T. Baker Inc.
AE-L Y38k, HPLC washing solventdl] AHR-€ 2-
propanol2 Fisher ChemAlert9] #¥-& A-&3t3it}.

2) Ay 3H

DY A 2 Bt

FE JejolA 24 9~10A10] 5mle} FHE HH F
& A SEsideh. agln gL A Ads ¢
3 24 vialdl ¥Wo -70Tol3tY ko RaAs).

(2) HPLC peak 821 9] F= retinol A A

Retinol peak® retention time(RT)3} co-chromato-
graphy2 9131999, retinol®] RTS 4.78 & e
st} 228l2 incomplete extraction processZ ¥ H3H=
W] © 2 internal standard retinly acetateZ AH&313.2.
9, retinyl acetatex 5.1% ol peaks} VebsttH(Fig. 1).

TY3 EF retinol 2L ethanold] £#1% F injec-
tordl Y3t peakE 113 A3, retinol peak ©]eil
3.289 & peak’} Vel A A4S FPAL. F,
BF retinol®] ethanol £94& o8] 2a :9)514 RT 4.
T2E 7|F 22 retinol peak{He ¥HE-slo] A= 4y

Retinyl acetate
(Internal standard)

. Retinol

\

1. i 3 - |
1

¥ v 1

0 4.7 543 10(2) RT

Fig. 1. HPLC chromatogram of standard retinol and retinyl acetate
before purificaticni.



o2 BF retinolg AT HAS EF retinolE
F4%e W RT 3.229) peak’t SOl &2 A% 5
ek,

(3) Retinol®} §ek 24 9 TF3} A<]

Retinol® 317 2] 244-& A#iA spectrophotometer&
AHEElY 3 retinol FFE AHESTH A& BE
Retinol?] extinction coefficient(E }% )= 1,850(Apa =

325nm) el et ” Internal standard peak ®#ol w3t
R F retinol peak A vI&S MEFOR a1, EF
retinol®] FEE 7}2% 02 3l 3|74 (standard cur-
ve)S A a A A& ekt

HPLC ¥F3} 222 vEAIYS 153] +3338130& o
retinol ¥#e] W5 Al$=(coefficient of variation)¥ 1.
65%2 AT, el A3 BdY FH A5 A
9kA internal standard(retinyl acetate) MeOH-&<
30u12 HPLCA st peak B S FA48= oz
day-to-day ¥% A+E A3} ’-;—l?j AR F8
d< ¥33h= 17319 internal standard peak ® 32| ¥
= AFE 4.66% 2 UEt

(4 ¥4 rednol®] & 9l £4

A 1mloll retinyl acetate MeOH £ 200uE
AlZ] B ethanol 1mlE Y3 187} vortex mixing3tsl
. 218]3 hexane 4mlE %o} 2¥7F mixing ¥ 1500

A7

Table 1. General characteristics of the subjects by area

MRAEBR G 34(6) 671677, 2001/673
rpmoll Al 587 A B2ttt oF 4mle] hexane F
E& 3548 oF 3% £Q) hexane A4 gasa *}%
slo] b3 AT 1 g AcN 1mlE ¥ 284
vortex mixingdlel &aiAlZch a8la YA A gasE
AcNE 4 3] 387112 MeOH 200uE ¥7}8t vor-
tex mixingdle] 43| S3HAZ ¥, o] F 30uE HPLC
injectorel] FUFCZHA retinold} retinyl acetate®} peak
WH e 2t
24 2 g4 Ag 892 flow rate 1.0ml/
min, detection wavelength 325nm, chart speed 0.5
cm/min, injection volume 30pte] Z7ANA SAH s},
HPLC ol%A42= AcNT MeOHE 85: 159 njg&s
58t A3t Fofl ARgEtt HPLC Cis column®
washing2 913l o] 54 $43 2-propanol& 50 : 502
Hg2 E§sted ogag Fol] A3t HPLC colu-
mn washing #7]& A58 98 43 ) washing
solvent® AHE3te] 3087 Al&3ta thA] HPLC o]54
£ 308 Ee Y T A8 48 O] Aek
FY3 A8 E 33 wHE BA S Harghe AAEk

HF retinol £

4. Ng BY

A5 42 WIN SPSS/PC'E ol&3te] AMz]attt.
EE deolHE Wk WESS paglen, A, A9l
i t-test® Blwat ., HiEtY A 9% delol e

Urban(n = 77) Rural(n = 103) Total(n = 180) '
Boy 48.1 54.4 51.7

Sex . N.S
Girl 51.9 45.6 48.3
1 40.3 36.4 38.1

Agelyn) NS
12 59.7 63.6 61.9
< 40 55.4 51.0 529

Mother's age(yr) N.S
> 40 44.6 49.0 47.1
. yes 65.2 62.5 63.6

Mother's job N.S
No 348 37.5 36.4
< primary school 6.8 6.2 6.4
. Middle school 8.1 9.3 8.8

Mother's education . N.S
High school 66.2 54.6 59.6
> college 18.9 299 25.1
< primary school 2.6 5.2 4.1
. Middle school 10.5 7.3 8.7

Father's education ) N.S
High school 55.3 479 51.2
> college 31.6 39.6 36.0
Upper 25.0 13.0 18.2

Economic status Middle 73.7 83.0 79.0 N.S
Lower 43.2 4.0 2.8
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1. T QYRS Ut S5

24} PR 2% B39 5~63hd 258 774,
2497 103908 £ 180%0lglon], 25 Uubs At
© Table 13} 2tk 2} tazke) A9, 93, ofmivje]
93 A K7, Fu e, A A A9 @ Holr}

= Aoz et}

2. N HE

ZAb thaAre) A, A9 A3 AelE Table 29 2
ok AA ZAF ARk i AL 150.3cmol e, ¢
st 2o} oJ3ho] 3.4cm o E Aoz FAEAG(p <
0.05). 283 A 72 J% AFFY] 10~124) F 2o
A9 718247 144cme} BladPd, @ - o BF J|EXE}
oFzt Tt 12l =AEY FE 4] 3.7cm & AL
2 2AEAHp <0.05). AA A AL BF A FL
42.1kgolRa, FatHr} oJehaiol o Wol Wik Ao
ZAHE A (p <0.001). ol A TA 3= I¥ A
9] 10~124 Fd Zzke) A9 71FA® 38kg} Bl wEHH,
g o B 7|EX R A7 v ® B S B s
& Aol AFo| i Bo] Yh= Aog vephgri(p <0.
05). BMIE 7 1852 AU, G BT o84
o] A Yebti(p <0.05), EA¢} & YL Azt A}
o7} sl oY BAH R Fo3A = FUTt.

3. HIEQ A Ao HFAUH

1) HIEQ A Y33 retinol HAT

vlEb A A3 retinol A FE, 282 & vlgkd A
AH % Y] retinol AF 2] vB]&-& Table 39 A3
ok ZAL oidAke] 19 B vleld A A3 32 490.6R.E
2, A7k 81.8%9 BT CV(coefficient of va-
riation, ¥ WA} X 100/HF)E AL A7 428%=
Ve HIER A A3 FY Q] 2 Welsb ada & 4 Q)
o}, Jetel B 4 FE 479.7R.E.(80.0% RDA). 9
A2 502.3R.E.(83.7% RDA)Z, «j&tio] k7t ol
Ak Aoz 2AEY oY, {97 Aol olyUrt.
TA] A9 19 He vlE A 332 566.0R.E.(94.
3% RDA), & A2 434.3R.E.(72.4% RDA)E ZA}
sof, FEET ®A] st vlElg]l A YFHFo] B o
2 yehdoi(p <0.001).

el Ax FEA AFY retinoldt 284 AF9
carotenoids® AHAE 4 ot Retinol® v g o ca-
rotenoidsE AW F5-&o] HojxH, 53] Ao HAF
of el F5&o Aolrt Uut? FNFFzAP | wad
22 Ut AHSEL HETl A HHel glo) 484 caro-
tenoidsell 3t &)E=IT FL AR HuHw ik AA
ZAL AAE 9] retinol A FHFS 126.7R.E.E ZAHES]
oo Z nely A A3 F 25.8%E EE2A retinolE, Y
H2] 74.2%% 2 EA carotenoids® HH e Ho=w
Elgtc}, g2 viEll A 43 % 479.7R.E. 5 117.2R.
£(24.4%), AL vElY] A 3% 502.3R.E 5 136.

Table 2. Hight, weight and BMI of the subjects by sex and area M + S.D)
Sex Area
- Total
Boy(n = 93) Girlin = 87) t Urban(n = 77) Rural(n = 103) t
Hight(cm) 148.7 + 8.7 1521 = 6.7 -3.008* 148.2 + 8.3 1519+ 74 -3.121* 1503 £ 8.0
Weightlkg) 393 £ 80 45.0 = 10.5 ~ 413714 39.7 £ 83 438 £ 10.2 -2.906* 421 +97
BMI 17.7 £ 2.9 193+ 38 -3.217* 18.0 + 3.1 189 £ 3.7 -1.811 185+ 3.5
*: p < 0.05, ¥+ p <0.001
Table 3. Daily Vitamin A and retinol intakes M = S.D)
Vitamin A Sex Area Total
intake Boy(in = 93)  Girl(n = 87) t Urban(n = 77) Rural(n = 103) t (n = 180)
Amt(R.E) 479.7 + 183.8 502.3 £ 235.8 -.718 566.0 + 204.6 434.3 + 197.2 4.342%%* 490.6 = 210.2
% RDA 80.0 83.7 94.3 724 81.8
Tota Min.(R.E) 136.5 180.1 301.2 136.5 1365
Max.(R.E) 1086.1 13293 1329.3 1032.4 13293
Retinol Amt(R.E) 117.2 +£59.2 1369 + 1125 -.874 1469 + 106.5 111.7 + 708 -.947 1267 £ 893
Retinol/Total (%) 244 273 26.0 25.7 25.8

. p < 0.001



9R.E.(27.3%)E FEA retinol® A3tz A £
A g2 ZF vlElgl A 437 566.0R.E. 5 146.9R.E.
(26.0%), & AL vlely A H3F 434.3R.E. 5
111.7TR.E(25.7%) & TEA &M s5¢a AU 4
Wi} 2o ok retinol®] AF HIE&E Fo3 Abel7} @l
B Aoy vehdtt 19959 FUFFRA M BEA
AE A3 88 16.8%9 v d o, B A7 ALt}
2L 25.8% %2 ThA wton) niER] A9 F YL o
A3] 2 EA carotencidsdS &< E 4 YAt

B Ao A 9] 24-hr recall Bl 2@ o] A3 24}
A3 e A JHFEE QD 3 &pol7t Bot 136.5R.E.
(22.8% RDA)~1329.3R.E.(221.6% RDA)E t}d3lH
ok aElm AA AL AR 49.4% ¢ e A A3 b
go] AT 5% viwo g vhehytth Ad2E fAaeke)
75% "% HH3he v)&ol FEHAl 46.2%, 484 52.9
%2 ZAEATH A 2e faEke] 75% v|vhe A3 s
= Hgol =A| 8HA 31.2%, 5& A 63.1%E JebTh
(Table 4.). web ARl 75% vt HHse st 9
H]-go] EAlo] ul&] F&o] 2v) 7hE BE-& &+ AU

4. g% Retinol B3} HIEN A FF SE

ZAF o 38 180 ] A, A9 HA retinol T
£ Table 59 #2184t

A 2AF ddzbe] Het 8% retinol - 37.2my/
100mlel™, At 13.4pg/100ml, HH 73.3ug/100ml= W+
Ebtch AW 84 retinol $FE vlws) BE, WAL
H3 35.91g/100ml, oJ3HA8L H 38.6pg/100mlo s o
ghAjo] oA Eto) folsk &9 Aol oyt ¢

WES BB Y 34(6) 671~677, 2001/675
o) A9 HA 14.1pg/100ml, H 1 73.3pg/100mlel A
i, ogke] 39 A 13.4pg/100ml, 3 68.3ug/100
miz vebgcl vEb A Ao] HAY AN E FEAl
BHups o8] A3 o] Bud Aoz Jehdth AF
ol me} Bius] B, A 8L He 39.3pg/100
miola & AL 35.6pg/100mlE, HERC TA) &
Aol A vehdthp <0.05). 4o] RAMIM L ¥& Y
RobE TA) g HlER A AHFe] BUY e
Ebytth(p < .001)(Table 3). £A] 3tde] &3 retinol 3
2o A 13.4pg/100ml, H i 73.3pg/100mlol 2 5&
stalel A9 A 14.1pg/100ml. #2 58.9ug/100ml= 1}
EpsTt.

Z, ¥ retinol FFE Aol B & Zole Y, A
F 29l ojMe FEEY EA] A ENNAM wA UE
woH(p <0.05).

HIER A G H Aty A3 slEe 89 B
¥4 100mlF retinol o] 30pgel/dolH mi¢- 43, 20
~30pgol™ %E, 10pg wiRtold Bo g 7tEgt} ™ o)
71EE At HE A AFTEE Dt AL Ta-
ble 61 A A= 3}ct,

ZAL AR F FESEE Bl sdshs st &
W YA, 178H(98.9%)2 Yzoldes AgHc)
g 2 - oSty Zbzt 19 S AlQ)sla 25U &4
3 o)ge] FEo ulEl A JETE} oS FL& Ao
2 Uehdtl AF A9EE £ AL o g giE Ag
B A 779 5 64H(83.1%)01%A, &S 1008 F
798(76.7%) 0.2 UEhsth F3e gkd e x4
129 (15.6%), & 239 (22.3%) 0},

Table 4. Distribution of vitamin A intake as % RDA by sex and area N(%)
Vitamin A intake Sex : Area Total
as % RDA Boy Girl Urban Rural
A <75 43(46.2) 46(52.9) 24(31.2) 65(63.1) 89(49.4)
75 < A< 100 29(31.2) 19(21.8) 28(36.4) 20(19.4) 48(26.7)
100 < A< 125 12{12.9) 11(12.6) 15(19.5) 28( 7.8) 23(12.8)
125 <A 9(9.7) 11(12.6) 10(13.0) 10( 9.7) 20(11.1)
Total 93(100) 87(100) 77(100) 103(100) 180(100)
A = vitamin A intake as % RDA
Table 5. Serum retinol concentration by sex and area (ug/100ml)
Sex Area
; Total(n = 180)
Boy(n = 93) Girl(n = 87) t Urban{n = 77) Rural(n = 103) t
M=+ SD 359 £ 9.2 386 + 9.8 ~1.906 393 + 109 356 + 8.1 2.502* 372+ 96
Min, 141 13.4 134 141 13.4
Max. 733 68.3 73.3 58.9 73.3

“p < 0.05
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Table 6. Diagnosis of vitamin A nutritional status of subjects by sex and area N(%)
Vitamin A status Sex Area Total
(ug/100ml) Boy Girl Urban Rural
Critical(y < 10) : : : . .
In-between(10 < x < 20) 1(1.1) (1.1 1(1.3) 1 1.0 2(1.)
Adequate(20 < g < 30) 20(21.5) 15(17.2) 12(15.6) 23(22.3) 35(19.4)
Well-nourished(30 < ) 72(77 .4) 71(81.6) 64(83.1) 79(76.7) 143(79.4)
Total 93(100) 87(100) 77(100) 103(100) 180(100)

¥ = Serum retinol concentration

B Z2A 3RS vjEdl A o) HH A An 4%
A oiv] A3 v]go) 81.8%= Wt uhH(Table 3)
4 retinol &F £4 Axt= APt AAHoz 4
%3 Ao d et 2584S tdo® 83 retinol
ges A% U Ay dTe 2E U gidlen,
20~500) A& tido = & A7 AFoA A retin-
ol &l Y BF Yoyt &5 Frketaen], 200
2L =9 A$ A retinol 33k Hito] FA} 66pg/100
ml, o7k 50pg/100mi= VeRt g ez o Fsst
Aog HuHth $H oiie e g APl
£ ¥4 retinol o] FF 25.99g/100mlol o0, FA}
A F 14%(59%8 % 8%)7t BY EF o2 B uErt,

olde) At ANE FTHH & o, 24-hr recall HEE
o] &3 HJElRl A o] 43 ZAMAME vg A 4H F
% shAo] B Ao g IIHAT. 22} o} BAld 9
3 HjERR] A GFEE dIREEY Ao] s Ao
FctE]o} HlEMY A FPEiZt EAVE flE A oE Ve
. gebA] S5 AY 253489 1-day, 24-hr recall %
Holl o3t 2lo] A Ae) FA Aupi= vlERY] A FUTEH
g AU 93] ke Ao® YERg o) HlEN]
A9 A%, Y s HAF AxE Ay il 5,
A3 %] )¢l W Hol(intra-subject variation)7} A4
35 Bt Ao] HAY A2 E P H A e 3ot
7} olgrta & 4 ok,

HIET] A FYYEHE Ho] HF AR g3t 3]
Zke) AA1E S whdE = QlE A 2E Aol AL We] )
o] Maslojof 3m, ojefgt 2o] XA} Wo| sET)
W F o AgsiA vlER A e gt 5 s A
o2 7|thEn.

4 E

M EARE MR A od2 A Hek Al
BEES QA7 A2 Aggel B A4sn Qo

2 Uty F¢E FNFYRA A 9% AFF oy
A3 vlgo] A&AHog REG o HuHy|d, 2 A

T 2SS g oz vjehdl A9 Ao] e} o
FLHE AT

5 A9 A FAFAY & AT AAF
270w 258 5~63d 180%E tidos AA AZL
AABIA T, 1-day, 24-hr recall WO g2 2o} AHMEES
ZAbE o, vERl A FPdE AHE 93l HPLCE
o] &3] HA retinol T ¥41& AAIEISIC

AT+ AHE 2o thaT) 2

1) A i) dnbaQl 4o Al A, ofHy
o] 4%, o9y A |5, ¥R &, 1] HAA
S A Y97 Zpolzt ATt ZAL diidRte) Bt Mg 4l
e 32 yet A9 7|ER 8 ta 9w, BMIE 33
18.52 yehgt} A, 414 BMI EF Rt o
Aol Eokar, EA] SRR & Ao A ALY
Atk

2) 1¢ H+r vjEll A 432 490.6R.E.(81.8% RDA)
ojiem, W3t(479.7R.E)# «8H4(502.3R.E)l A
HFE FF 2ozt gAAT A FHA(566.0R.E.)°l
TE FA(434.3R.E)EY ATl Ftci(p <0.001).
e A AHFS AZF div] HA 22.8%0 Ha
221.6%7H% B¥35+9.28, CV(coefficient of variation)
7} 42.8% 2 AAFS] QA 3 Aolrt BTt A% ALF
) M3 veS AW 2} Y A9 49.4%7F
75% RDA v|iHe HFstn e, Az EA|
31.2%, && 63.1%2] &Ao] A=) T5% w|vhs AH
e Ao el F& Y AF F5o) 2o Ae
Ao g ZAEUTE HEh) A AF 5 T2 AFol F
9 retinol®] 43 vl 25.8%°IUth Az 33
A 24.4%, AR 27.3%, NGl T2t e EA] 26%, F
2 25.1%% retinol 43 ¥ & %zt zlol7t YUY
Frolgh =28 opAtt 19959 FUFYTA A FEA
AFozRe e el A H4H vE 16.8%7 Blus] X




W B zAl AAEe] 84 retinol 43 ¥l&o] thh
Egko) o343 A8A AFd dF et Frin ¥
4 qlt

3) ZAF dAkRE A A retinol $He HE-S 37.2ug/
100mlel 3L, 2348 35.9u/100ml, It 38.64g/100ml
2 28t g gE £ S 39.3pg/100ml, F& &
A8 35.60g/100mle |2t} 84 retinol k& Ao iz 2}
ol¥ AL, FEHRTF= LA SHEY retinol §HE0] 79
A =ATHp < .05). BlEbT A oJoatelE HA retinol 3
Zol] 2AS sk Ay, GFEFo R Fckyl AL gl
oo, 43 ojake] Aela Fivke SIS 1804 F 1784
(98.9%)© & v}ehyt}
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