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ABSTRACT

This study was undertaken to estimate seasonal variation of riboflavin status and investigate
the relationship between riboflavin intake and its biochemical status in rural women. Dietary
intake was measured by determining both 24hr recall method and convenient method. The
riboflavin intake was also estimated by food frequency method. Riboflavin biochemical status
was assessed by erythrocyte glutathione reductase activity coefficient (EGR AC) and urinary
riboflavin excretion. All information was repeatly collected in three seasons ; farming scason
(June), harvest season (October), nonfarming season (February). Mean daily riboflavin intake
was below RDA for Koreans in all scasons. Cereal & pulse, vegetables were the primary sources
of riboflavin intake and provided above 60% of the total dietary riboflavin intake in all scasons.
Riboflavin biochemical status was significantly different among seasons (EGR AC P < 0.005,
24hr urinary riboflavin excretion P < 0.05), and riboflavin biochemical deficiency was highest
in February. The mean values of EGR AC revealed riboflavin deficiency in all seasons. However
the mean values of urinary riboflavin excretion were within the normal range except 24hr
urinary riboflavin excretion in February. On the basis of EGR AC criteria, 44.7% of subjects
were at risk of deficiency in June, 44.7% in October, 81.6% in February. Result of individual
riboflavin status assessed by EGR AC or 24hr urinary riboflavin excretion criteria was quite
alike. Urinary riboflavin excretion per gram of creatinine underestimated riboflavin deficiency.
Significant correlations were observed among biochemical indexes. It also appeared that riboflavin
intake measured by food frequency method showed significant correlation with biochemical
indexes, especially high correlation with EGR AC (P < 0.001). The results indicated that the
prevalence of riboflavin deficiency seems to be high among rural women in all seasons and the
inadequacy of dietary riboflavin intake was reflected in the abnormalcy of riboflavin biochemical
status assessed by EGR AC. Therefore EGR AC seems to be more sensitive measure of impaired
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riboflavin status compared to urinary excretion. (Korean J Nutrition 29(5) : 507~516, 1996)

KEY WORDS : seasonal variation - riboflavin intake - erythrocyte glutathione reductase activity
coefficient - urinary riboflavin excretion.

A =

ol gol FaHot bR ¥5 dulol glTh.
§EFEE IOEF 4
[e]

P E9EE o
e, $&AY o2 d9AZY gREe HHF
o] Aol A uldgol By wh ™0 A
gluZahy Qe 9 AFFREE vashd A
289l BES)L FFU0|T 1 thgol ouF, &7 ol
W 242 E ] A3 35%0 Bt FEoIT.
ghaole] gigk PRZeh G Britae F2
o) A% zA Ao SR JEE HUIRE AR
= A gt Askehy whgel ofg gr el g
gj= Erythrocyte Glutathione Reductase Activity
Coefficient(EGR AC)Y 4¥% uZayl sjdgoe
7 =2 gr}ga k. EGR ACHE #AAEE o)
g ATSo] 93t A0 L JAHRIE AdAHEY
9] g R Zepl JYFE} vl B Aoz YEte
o) Aol dAE sebHA st BRES}
AR % A g Baste] wag g4
Hol| A g, #FE 5] diwd e i
o7 3 ZAl w2y rEel A3 e Al
7+ W EGR ACEE 458 2oz yepgrt, o
$24 509 g F
A= AHAFS A 302 §X3 49 EGR AC
HFA e AdFEo R vehd v o]de FWolu 7
23] 599 ApoMe JrEel A3
Ao|g Lo w EGR ACZE B33 Ao
RZay HF23 EGR AC 749] AdaatAol oA
o]de SWe GolAe) AuwAt gidtty Bt
g8 59 KA FBHAE

= o -
AN A ozt e g o 4aNF
| aRe % s

3

MR-

[o2

Zob o

o

v

iy

Mg (= R

z oox
o

i

W] ojaie ugeh 4ABe BEA7L A4
S o 29F WHZeR Y duBee 9
A [¢]

o

=
Feje g oot gr eyl HHE 2N
g Zapd WA el freAel AuAlE fsih
e AR Rag Aaske s gn I 43
2o} Qeeta o ko] duaAg WA set

oz AsishAel el s 2]
ag wt

it
o
rE
o2
o2
o
Fu’

L >
ofN
e
rir
=)
ey
=2
=)
K
rie)
rlo
o
o
N

4 R ox 002 T
o 4 3 I

rlo
o
i)
U

=
=S oz wri(6Y), F97

o
£
N
Ol
ol
&

[o]
9
o
&
i
o
hived
e
of
B
o
ot
o
2
N
Fl
)
lo

1.

A% AT okl BR-EY AFT AW 2%
T e2x oA 7pate} FARfellet FAFsRE &
oz WA AR PApe] opdAd AMEL Secd
Adsl 7hdst WAL HBs Antigen, HBs Antibo-
dy) ¢+ AgkelAAHHemoglobin, Hematocrit, Total pr-
otein. Albumin, Total Bilirubin, G.O.T, G.P.T, Al-
kaline phosphatase) & AAI8te] o)fe] gl AE Ad
g5 FQ oFEg oEFERF] glom, AT &
¢ olslsta 197k 330l A3 FuATel FE3| F=
2 3 4 Q= AN 2 45 (BRE 251, 24F 201)

b oo do



~67AIR e B A
1990Lﬂ 69 23U~
71, 1991%3 24

o o

19~29 9%1(%6 INAA B
ZALH) 98t ZAP— *‘Al 87 A
X ZAMA Y A
#as. 241 74”011 24*1
e } %ﬂd H”oﬂ 0}

2. Mo| M3z U 2l Batyl Mol
1) ZAHIAES] Aol
W} 24013 84t
0z 24 4
P iA}o}S’iE} 4
ﬂ,] 0}7]X4 SES

e

vl
E)i
S

HAsho] ALgaLTH 244]

A A= A8
2 B duEd 4

wa M% %ur anﬁau 34 ay’ﬂ 7))
Z}\] oz 357H

=

J

Hepannﬂal‘)}oﬂ AT F

& 3xpel ZA A 2 9 ‘—Er
‘&5 H#3}] Sanberlich¥Hg o] <
n Vitro'dejolA GRel &
R«] tlmulatlonz*‘: % Activity Coefficient

R B e 29(5) : 507~516, 1996 /509

Enzyme activity (with added FAD)
Basal enzyme activity(without added FAD)
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Table 1. Mean daily intakes of energy, protein and riboflavin

Nutrients June Mean+SD October Mean+SD February Mean-+SD  Total Mean+SD ~ RDA’  P-Value
Energy(kcal) (1) 1950.3+368.5(19) 1946.9+375.1(19) 1423.3+226.1(16) 1773.3£226.1(16) 2,000 rx
(2) 1740.74+595.2(34)  1951.4+679.7(35) 1322.4+298.5(23) 1672.0::604.4(36) X
Protein(g) (1) 59.2+ 10.6(18) 56.84+ 11.5(20) 418+ 7.4(18) 52.6+ 12.6(24) 60 Kk
(2)  61.9+ 27.9(45) 64.9+2 8.4(44) 46.9+ 17.7(38) 57.9+ 26.2(45) i
Riboflavin (1) 0.925+0.130(14) 0.870+0.190(22) 0.704+0.181(26) 0.833+0.192(23) 1.2 *EE
{mg/day) (2) 0.981+0.475(48) 1.020£0.535(53) 0.643+0.262(41) 0.881+0.468(53) ok
(3) 0.956+0.233(24) 0.910+0.185(20) 0.607+0.173(29) 0.824+0.251(30) i
(mg/1,000kcal) (1) 0.483+0.073(15)  0.451 +0.080(18) 0.493+0.101(21) 0.476+0.087(18) 0.6 NS
(2) 0.575+0.252(44) 0.53140.183(34) 0.490+0.191(39) 0.532+0.212(40) NS
(3 0.501+0.142(28) 0.478+0.111(23)  0.425+0.096(21) 0.46810.121(26) *x
(4)" 0.610+0.258(42) 0.512+0.186(36)  0.470+0.130(28)  0.530+0.205(39) *
*P < 0.05 **p < 0.01 **p < 0.005 NS : Not significant
() : Coefficient Variance(C V)
* Recommended Dietary Allowances for Koreans, 6th Revision
(1) Convenient method (2) 24hr recall method (3) Food frequency method
(3 Riboflavinimg) by food frequency method/1,000kcal by Convenient method
()" Riboflavin(mg) by food frequency method/1,000kcal by 24hr recall method
Table 2. Percentage of nutrient intake to RDA in three seasons
Nutrients June October February Total
Energy(kcal) 1y 975 97.3 71.2 88.7
(2) 87.0 97.6 66.1 83.6
Protein(g) 1y 98.7 94.7 69.7 87.7
(2) 103.2 108.2 78.5 96.5
Riboflavin (n 7741 72.5 58.7 69.4
(mg/day) (2) 81.8 85.0 53.6 73.4
3) 79.7 75.8 50.6 68.7
(mg/1,000kcal) (1) 805 75.2 82.2 79.3
(2) 95.8 88.5 81.7 88.6
3) 835 79.7 70.8 78.0
@Y 101.7 85.3 78.3 88.3
(1) Convenient method (2) 24hr recall method (3) Food frequency method
(3 Riboflavin(mg) by food frequency method/1,000kcal by Convenient method
(4)" Riboftavin(mg) by food frequency method/1,000kcal by 24hr recall method
Table 3. Sources of riboflavin intake determined by food frequency method
Food sources June Mean+SD" % October Mean£SD” %  February Mean+SD" %  P-Value
Cereal & Pulse 0.276+0.085 28.9 0.321+0.120 353 0.254+0.067 42.0 **
Vegetables 0.343+0.126 359 0.334+0.113 36.7 0.130+0.045 21.4 *rx
Fruits 0.084+0.112 8.8 0.0234+0.030 2.5 0.023+£0.020 3.7 i
Seaweeds 0.024+0.028 2.5 0.023+0.024 2.5 0.036+0.033 59 NS
Egg & Meat 0.094-+0.074 9.8 0.069+0.058 7.5 0.065+0.054 10.7 *
Fishes 0.075+£0.044 7.8 0.071+0.049 7.8 0.048+0.038 7.9 *E
Milk & Milk products 0.060+0.071 6.3 0.0694+0.097 7.6 0.051+0.073 8.4 NS
Total RF intake 0.956+0.233 0.910+0.185 0.607+0.173 o
% of RDA 79.7 75.8 50.6

*P < 0.05 **P < 0.01 #+p < 0.005 NS : Not significant

1) Results are expressed as mg
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Table 4. Mean values of EGR AC & urinary riboflavin excretion in three seasons

S A Eehul ojaeel HY FAAT

A

Indicators METSD  ManbT et Meandsp  PValue 600
Urine volume(ml/day) 1182.1 1340.8 1241.2 1254.0 NS
+ 460.6 + 3554 + 461.3 + 4304
(39.0) (26.5) (37.2) (34.3)
Creatinine(g/day) 0.787 0.497 0.596 0.628 ek < >
+ 0.277 + 0.239 + 0.266 + 0.274 >
35.1) (48.1) (37.9) (43.6)
UUN(g/day) 5.766 3.578 4.599 4.658 e < >
+ 2.184 + 2.250 + 2.191 + 2.364 < >
(37.9) (62.9) (47.6) © (50.8) —
N-balance m 0.697 2.589 -0.886 0.784 ok < >
+ 2372 + 2.441 4+ 2.540 + 2.816 < >
(340.3) (94.3) (—286.7) (359.2) <>
(2) 0.945 4.040 -0.067 1.618 ok < >
+ 5.277 + 4.174 + 3.164 + 4.600 < >
(558.4) (103.3) (4722.4) (284.3) <>
EGR AC 1.226 1.218 1.320 1.255 rx < >
+ 0.173 + 0.133 + 0.124 + 0.151 <—>
(14.2) (10.9) 9.4) (12.0)
Urinary riboflavin
(Mug/24hr 308.9 146.7 102.8 186.5 * <—>
+ 639.1 + 114.1 + 754 +386.0
(206.9) (77.7) (73.3) (207.0)
(2ug/g creatinine 365.8 319.7 176.4 287.0 NS
+ 710.6 + 2245 + 114.7 + 4404
(194.3) (70.2) (65.0) (153.4)
*P < 0.05 **p < 0.01 **+p < 0.005 NS : Not significant
UUN : Urinary urea nitrogen (1) Convenient method (2) 24hr recall method
Cutoff value of EGR AC : 1.20 Cutoff value of urinary riboflavin : 120ug/24hr, 80ug/g creatinine
() : Coefficient Variance(CV) < >indicates seasonal difference
Table 5. Assessment of riboflavin status by EGR AC & urinary riboflavin excretion levels
June October February Total
EGR AC
Deficient  (>1.4) 4( 10.5%) 4( 10.5%) 6( 15.8%) 14( 12.3%)
Low (1.2-1.4) ( 34.2%) 13( 34.2%) 25( 65.8%) 51( 44.7%)
Acceptable (< 1.2) ( 55.3%) 21( 55.3%) 7( 18.4%) 49( 43.0%)
Total 38(100 %) 38(100 %) 38(100 %) 114(100 %)
Urinary riboflavin
(1) ug/24hr
Deficient (< 40) 2( 31.6%) 2( 5.4%) 6( 15.8%) 20( 17.7%)
Low 40-119) 11( 28.9%) 14( 37.8%) 21( 55.3%) 46( 40.7%)
Acceptable (> 120) 15( 39.5%) 21( 56.8%) 11( 28.9%) 47( 41.6%)
Total 38(100 %) 37(100 %) 38(100 %) 113(100 %)
(2) ug/g creatinine
Deficient (< 27) 9( 23.7%) 1 2.7%) 0 0 %) 10( 8.8%)
Low (27 -79) 6( 15.8%) 2( 5.4%) 8( 21.1%) 16( 14.2%)
Acceptable (> 80) 23( 60.5%) 34( 91.9%) 30( 78.9%) 87( 77.0%)
Total 38(100 %) 37(100 %) 38(100 %) 113(100 %)
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EGR AC June October  February Total

1.2< 21( 55.3%) 21( 55.3%) 7( 18.4%) 49( 43.0%) Table 7. Correlation matrix of EGR AC & urinary ribo-
1.2- 2( 5.3%) 7( 18.4%) 10( 26.3%) 19( 16.7%) flavin excretion during three seasons

13- 11( 28.9%) 6( 15.8%) 15( 39.5%) 32( 28.1%) EGR AC Urinary riboflavin

1.4- 2( 5.3%) 3( 7.9%) 2( 5.3%) 7( 6.1%) 1) ugf24hr  (2) ug/g creatinine
1.5- 1 2.6%) 1( 2.6%) 2( 53%) 4( 3.5%) EGR AC 1

1.6- 2( 5.3%) ( 1.8%) Urinary riboflavin

1.7 - 1 2.6%) ( 0.9%) 1) ug/24hr —0.225* 1

Total  38(100 %) 38(100 %) 38(100 %) 114(100 %) 2) ug/g creatinine —0.204* 0.925%*** 1
Cutoff value of EGR AC : 1.20 *P <0.05 *P <0.01 **P <0005 ****p <0.001
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Table 8. Correlation coefficients of EGR AC & urinary ri-
boflavin excretion with nutrient intake during
three seasons

Urinary riboflavin

EGR AC excretion
ug/24hr ug/g creatinine

Energytkcal) (1) -0.110 0.084 0.033

(2) —-0.123 0.020 -0.004
Protein(g) (1 -0.161 0.138 0.061

(2) -0.095 0.033 0.011
Riboflavin (1) -0.114 0.169 0.098
(mg/day) ) -0.195*+  0.102 0.085

(3) —0.361%*** (.242** 0.216*
(mg/1,000kcaly (1)  0.006 0.070 0.046

(2) -0.154 0.134 0.135

(3)° —0.324*%*=  0.194* 0.226*

@' -0.152 0.141 0.143

*P <005 **P <001 **P 0.005 ****P <0.001

(1) Convenient method (2) 24hr recall method

(3) Food frequency method

(3)* Riboflavin(mg) by Food frequency method/1,000kcal
by Convenient method

(4)" Riboflavin(mg) by Food frequency method/1,000kcal
by 24hr recall method
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