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& okt nFgF JFast FtEHoE,
(phytochemical) & 33233t A tH(Bogers 5 2007; Ibiebele 5 2007).
theFst A5 Eoke] Aok HAdo AFATE FAks dSFa, AL 2
2 F714d 9 golEA N Ao oate] o] WHAAAHE s ¢
Foa BT oA 224 ool A<l 459% S ¢ IFCoE U
ANaeh HAo AAZFS gste] s vlust ATolA, Bl v
N AALE T Afist HAdS v wol AFHsEF g IFolA ol 19
stAl ZHAektH(Appel & 1997). 1d7st 38~6341 o4 71,3468 = o
Ao ® 1984d%-H 200274 18 &t FA 5 Aol s HAR A
Aol A7 G AdE WFe Ao®E HiuEt(Bazzano
2008). FS A AL B HRdo] A ¥el7] fleke] Adsteld
AFets 25~644 AGES FEY TEEA 1,459 3 HYolE wAAA
FAE 1,656WS AA3ste] AAIE case—control ATE AA W A
o AF7E Y ¥ Ad¥ds ¥E o v Rusd(Malin 5
2003). =3 vk @ 54,5067 & tid e A Bl apde] A e
T ZFe A#}AdE dotry] st ZITE AFeAE Fde HAAVE S
S5F HEFo] faste AR UERs L (Johnsen 5 2003), €&l A
A

o} do] SR A HET APGEC VA= dFS 2 ATelA

e of

-
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o TSI F AL E Hd HHY FoAo] =2 Aol HXM AN A
(Lichtenstein & 2006). "= %5 (USDA)9 A7%3 w
AS Hst Aol AHAANAE Wd 3~53] = ANAE FHASy FIS>
M 2~43] A% AASES AFsoH(United States Department of
Agriculture, 1995). vttt = A9k Hde Wid 7~103 A7)
= AR, 534 Q4as AFHstE Ve, 29, 49 so® 2YEA @
2 BHz EF7|=% @A H(Health canada. 2007). AARA7]F
(WHO) A= A AA4SHS Hx2 A Aix 2 3d HAHE 85
71% HA 400ge.® PA31(World Health Organization, 1990), ©] =
vg o §H I7bellAe HA wid 33 Jrg AMa AHFH(2509)8 23]
o] #A(150g)= AFstes dAst vk, 18l A 19 &% 80ge 71+
o7 ALE SF 63, A2 35 332 At JtH(Ministry of
Health and Welfare, Supreme Scientific Health Council, 1999). 3$t=
F&FEs| oM = AMaTFE sk 53] o], Y s 33 ol Al
d AAdE AE Aok Hde 57HA ol F At w7 A
Aot HEFE 37HA o He Ales AF

Society, 2009).

Aok Ao A 22 Ao AFAFANER, A V15, 24
AZE 33 T AolzA o w BFUtEtH(Brevik 5 2005). SFAIRL
Aol zAL WL 34 5, AE AR dHolEHlo) g FASA, Aol
A Ul Wo] Toz st FHeakz Qlste] AW o]l st A
ToAME =79 Aol "old F Slsol 4elAd At.(Horner &
2002; Johansson & 1998; Bingham & 2003; McKeown % 2001). uw}f

B Aash Bl AH FE SAL 9% ety ARHA Trwa e
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$F biomarker?] &&/de] tish A7t sfelelA FEs] HAEHo g
(Brevik 5 2004). Axst #de HHE dnishs FAAA A2z 9%
FFEE o]l =7F FH ek Al A== (van Kappel 5 2001), Micozzi
s (1992)¢] o A= F38to] AL HHY F7lE A& €% JMRE -
ol L7t FokA = e BT o8 fAEA €% niE C 9
7} vElY CE o] &3 AA W pele] Al AAHO R oty
oAdsol Had vk lth(Rock & 1996). 45 &<t A& 2 #AdES 500¢g
AHAE 550l 100g AFHT 2F9 Ak €% wxE vlusils W
500g= AT 259 9% 9 s&E7F 457 F 156% A& F7HEND
(Broekmans & 2000), st 103 d%= A9 #d= a
g3 A4 sUt 43 AHE aFERY 27% 4% © EdoH(Appel &
2000).
Azt #Y AH F83 biomarkers 2o 3 wet & = 9l
el ATAHAE F=AelA g E AEske Adde AV ASE F A
o, Il = At HY AF S biomarkers IofstilAlshE A
gol mnjsint. oo # A= @AL BIER A, HERR C, HE E F 9
vkt A mlERl FEo] ek Bd AF 9] biomarker®A #E7FAE
AYeA Ao e sk a3t
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7, Aas, AA/AEF, fF 8 fAE, BdF S5 "2 S, ] E
7IEE 5419 & 887hA FHoz FAHAY. AANE S T 9B

3]/, 23]/, 13]/Y, 5~63]/5, 3~43]/F, 1~23|/F, 2~33/¥, 13/¥,
F W) Z AAIES AANE A5E Bz A 34 AFHS-
+5 sl 9stel  AAad(Total vegetable, TV)3 YU (Total
Fruit, TF)9 dd HAHWEE A= TVE = 20714 & o072 9
Folglom ol vl i, xR, AAFt Q0] - FE - 8 54 7|E

AN AR HELOR U

A& 2w A (Total Fruits and Vegetables, TFV)S 2dd AHAFHWE=
RPtkssSlth. ZAME AEFAFHAAE S st gFsts]eo A sdst 7t
X273 Can—pro (Computer Aided Nutritional analysis program for

Professionals 3.0)& o] &3] Y4 HAFAFS A=EsSlc).

(3) A R FAYEEA

A Ha 1242 o] w4 F 3NN 2 8A~9A]el o] F
Atk °F 10ml1e A= d2 AFste] 4T 2000rpmolA 1023 944 +4¢

ot AT dF3= wd # F dHeM F ZTEsHE, HDL-Ed 2
=, $AA A (triglyceride), Z&, 44k, vlEkwl A, HlERl C, HIEIR] EE
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BAEtt. & FoAHE, HDL-Zd2HE, 424, Glucose, ¢4H9
3%+ ADVID centaur(Baver, Japan)® #4311, LDL-ZdAHEL

Friedewald #2]& o|g3to] A+=3} tH(Friedewald 5 1972).

A, HEH C, HlER) E i HPLC-UVD(Water, U.S.A)Z 41319

ot

3. FAAH

=
-

= EAAE = SAS software program version 9.1(SAS Institute,

Cary, NC, USA)S ol &3ttt A5 7|&2 Fd9 oA B FHo
Y xFoxE e 83 HEY FEet YA AFHTF W A ET
AN T 7+ AT A = partial Spearman's correlation analysis®
o] AFE AASROH, o] o dF HAFAFS FEWHSTE AL A

v AF RE s mE 24 vER sEe Atk A BEE
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0. d+23

L AA ASA G ) £43

ARG ALE S AA ASA e G AR dF sERE S A9e
Table 1% #Zth. tidAE9 H+ AFL2 161.1 + 5.2cmely, AFS
54.2 = 7.5 kgolqlth, A= 94.8 £ 8.8 mg/deo]
A, F Zd2HE, HDL-ZFd2HE %=+ 242 783 £ 52.2 mg/de,
170.2 = 255 mg/dl, 56.4 + 14.7 mg/dl= B5F A4 Hol £33
g% QAare FX+ 8.74 + 4.12 ng/deelar, wlER A, BIEFR C, HEV
ES s%+ 7247 39.57 £ 10.79 pg/de, 1.02 £ 0.93mg/de, 1.18 =+
1.19 mg/dtE F4 Wlelel Fak= 2oz yehwth.(Table 2)
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Table 1. General characteristics of subjects (N=85)

Variable Mean = SD
Age (years) 20.8 £ 1.3
Height (cm) 161.1 £ 5.2
Weight (kg) 54.2 £ 7.2
Glucose (mg/de) 94.8 £ 8.8
TG (mg/de) 78.3 £ 52.2
Total—cholesterol (mg/d{) 170.2 £ 25.5
HDL —cholesterol (mg/de) 56.4 = 14.7
LDL—cholesterol (mg/d{) 98.1 £ 26.3
_g-
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Table 2. Serum vitamins concentration of subjects (N=85)

Quartiles Reference
Variable Mean £ SD ] [
Q1 Median Q3 value
Folate (ng/mf) 8.74 £ 4.12 6.37 7.60 10.39 >3.0
Vitamin A (pg/d¢) 39.57 = 10.79 33.81 38.68 44.98 >20
Vitamin C (mg/d¢) 1.02 £ 0.93 0.74 0.90 1.09 >0.2
Vitamin E (mg/d¢) 1.18 £ 1.91 0.84 0.95 1.10 0.5-2.0

[ Green Cross Reference Lab.
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2.4 pgoz VANAD 926%F HANAL,
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2 AAAHAFS VIFOR 117.3%5 AFHe3 1,
F ®43kE 3571 £ 127.6 g, @A 101.2 £ 445 g 183 A
72.0 £ 35.2 go]qUth HIEtY A AFHZFE 14844 + 9422 REE A
FAaAZFY 228.%5 A, vlERY C= 164.9 £100.9 mgs A58t
of AFAEFAZF 164.9%5 HAFAT. HIEY Ex 21.7 £ 12.1 mgs A
Hslol AAAHF] 216.7%5 HAFE Aoz el
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Table 3. Nutrients intake of subjects (N=85)

Dietary Intake Mean £ SD % DRIs
Energy (lal) 2463.2 £ 935.0 117.3
Carbohydrate (g) 357.1 = 127.6 -
Protein (g) 101.2 = 44.51 224.9
Fat (g) 72.0 = 35.18 -
Vitamin A (rg RE) 1484.4 = 942.2 228.4
Folate (ug) 370.2 £ 202.4 92.6
Thiamine (mg) 1.76 £ 0.81 160.0
Riboflavin (mg) 1.81 = 0.95 150.8
Vitamin Bgs (mg) 2.79 © 1.33 199.3
Niacin (mg) 21.17 £ 9.98 151.2
Vitamin C (mg) 164.9 = 100.9 164.9
Vitamin E (mgae —TE) 21.7 £ 12.1 216.7
Fiber (g) 28.3 £ 14.9 113.2
Calcium (mg) 874.6 T 498.7 125.0
Phosphorus (mg) 1467.0 = 676.5 209.6
Iron (mg) 18.1 £ 8.8 72.3
Na (mg) 5944.6 £ 3318.1 396.6
K (mg) 3894.9 £ 1949.4 82.9
Zinc (mg) 12.1 £ 5.0 151.6
Cholesterol (mg) 524.5 = 305.9 -
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Fdar AFFS 2 nEvl 2o AABAS dF dFAF dste] B
wAlske] Table 40 AAleA T 3 QA X o8 HlE
9 R71Ae] AR o AuAAE HAE Ao vEwn. 94 o
ROl wEel A AFHEY dBASTE 0.23, vER C AHZFT A
F7F 0.2602 F989 29 (p<0.05), HIEM A AFAZFH FBASTE=
0.28°]31tH(p<0.01). FE =¥ (r=0.35, p<0.005), HEY B6(r=0.24,
p<0.056)% & 19 sx9 F98 AAAAE BT I ¥ ZH
AAZY 28 AATHE AdAF7E 27 0.34, 03022 F98ted
(p<0.01), Aol H(r=0.23, p<0.05)9 21 (r=0.24, p<0.05)9 A=
g4 G wEg o8 s Bolth @4 vEt Ev dolE §
AHAFH FBASFE 0222 FoRATHp<0.05), F e

FAda ALY Fs FHBAE HolH Wk

s
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O L

=
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Table 4. Spearman's correlation coefficients'’ between nutrients intake

and serum vitamins concentration (N=85)

Serum Concentration

Dietary Intake

Folate Vitamin A Vitamin C Vitamin E
Carbohydrate —0.13 0.03 0.08 -0.11
Protein 0.11 0.01 0.06 0.05
Fat 0.10 0.03 0.04 0.13
Vitamin A 0.28 " 0.05 0.19 0.13
Folate 0.23" 0.12 0.13 0.17
Thiamine 0.18 —0.01 0.20 0.03
Riboflavin 0.35™ 0.07 0.13 0.08
Vitamin Bg 0.24° 0.06 0.18 0.15
Niacin 0.19 -0.01 0.19 0.10
Vitamin C 0.26 " 0.10 0.15 0.07
Vitamin E 0.08 0.12 0.21 0.22°
Fiber 0.23" 0.15 0.10 0.20
Calcium 0.34 ™ 0.06 0.12 0.05
Phosphorus 0.24° 0.07 0.12 0.06
[ron 0.15 0.14 0.11 0.17
Na 0.17 0.11 0.12 0.18
K 0.30™ 0.10 0.16 0.14
Zinc 0.10 0.11 0.10 0.03
Cholesterol 0.06 0.05 0.06 0.09

D Adjusted for energy intake
*1p <0.05, #=x: p <0.01, **x: p <0.005
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Table 5. Spearman's correlation coefficients! between frequency of

food subgroup concentration and serum vitamins concentration (N=85)

Serum concentration

Intake Frequency — —— —
Folate Vitamin A Vitamin C Vitamin E

Vegetables
Beans 0.18 0.09 0.10 0.04
Seaweed 0.03 0.27" 0.22° 0.19
Kimchi 0.08 0.02 0.04 -0.03
Other vegetable 0.14 0.07 0.19 0.10
Fruits
Orange fruit 0.20 -0.04 0.22° -0.07
Red fruit 0.02 0.06 0.01 0.12
Green fruit 0.03 —0.05 0.26 " 0.09
White fruit 0.11 0.05 0.09 -0.04
Violet fruit 0.01 0.02 0.08 -0.07
Tomato 0.01 -0.21 0.20 -0.14

D Adjusted for energy intake
*: p <0.05
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Figure 1. Spearman's correlation coefficients! between frequency of

TV, TF, TFV and serum vitamins concentration (N=85)

0.3
sk ES
0.15
0.1
0.06 D v
L]TF
BA Trv
0
-0.11
-0.15

Folate Vitamin A Vitamin C Vitamin E

D Adjusted for energy intake
TV: Total Vegetables

TF: Total Fruits

TEV: Total Fruit and vegetable
*: p <0.05
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6. 4 2 B PANE $50) BE 83 e B2 55

NE

Aot A AANE FFo) whE A vEN S % E Table 6° 4
BRI Gith. td ke 5 A IARE S S (B339 9 ), Al 24 S S
(34~66ME-9), A3ELAFF(67THEAT o)) 3Tz U
TV, TF, TFVE AFANEe] wE 4 vErle v25 BgS o, TF 4
AN M =& 259 93 9Aare ¥+ w5+ 10.65 £ 0.78 ng/ml
2 Hdo dANEIt &5 23 Ak s sl SUtske A
o2 Yewt(p trend<0.05). 28y TF AFANE F7kel] wE o H
Efe] Fat " R Wk fFoskA etoern, TV AHWIEst TEFV
AANE & 4 vEw e w5 WAsts Fo8k] ok

\
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Table 6. Change of Serum vitamins concentration by fruits and vegetables

intake frequency (N=85)

Serum concentration'’ (Mean * SE)
Intake frequency

Folate Vitamin A Vitamin C Vitamin E
Total vegetable(TV)(per day)
<3.2 7.77 £ 0.83 38.48 = 2.20 0.90 £ 0.19 0.97 £ 0.39
=>3.2 or<b.7 9.14 £ 0.78 39.34 = 2.06 0.87 £ 0.17 0.97 £ 0.36
5.7< 9.24 £ 0.85 40.80 * 0.24 1.29 £ 0.19 1.59 * 0.39
p trend 0.387 0.783 0.261 0.474

Total fruit(TF)(per day)

<1.1 7.45 £ 0.77 40.51 £ 2.12 0.87 £ 0.18 1.12 = 0.37

=1.1 or<1.8 8.04 £ 0.76 39.64 = 2.08 1.25 £ 0.18 1.57 = 0.37

1.8=< 10.65 = 0.78 38.58 £ 2.14 0.95 = 0.18 0.87 £ 0.38
p trend 0.014" 0.824 0.279 0.407

Total fruit and vegetable(TFV)(per day)

<4.4 7.85 £ 0.83 38.29 £ 2.21 0.88 £ 0.19 0.98 = 0.39

=44 or<7.5 8.55 £ 0.79 40.40 £ 2.09 0.84 £ 0.18 0.95 = 0.37

7.0= 9.77 £ 0.86 40.00 £ 2.27 1.33 £ 0.19 1.90 = 0.40
p trend 0.330 0.766 0.159 0.461

1)Adjusted for energy intake
*. p trend <0.05
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A D Rdel e s JFag golEA VLS kst A8, 9F
A2 T2 A Foll Bojste] thFst v A B Qs WETeE B
7F i tk(Liu 2003; Boyer & Liu 2004). & AlAAA 173 S FHH0
2 Ax 9 Hd ARG S ARdHD A=, Ao A A 52

Q
Kipnis 2004). oJu] sj&eld+= A4 #d HAFH
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M E ZEEAE AR IR ST
AT ddAES] F 9% JFFS 2463.2 + 935.0 kZE =l
AZAFAZFY 117.30%F AFAsA L, 2 A= 370.2 £ 202.4 pe
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ABSTRACT

Applicability of the Serum Folate and Vitamin C as biomarkers of

fruits and vegetables intake

Yang, Min Jin
Department of Food & Nutrition
Graduate School

Sungshin Women's University

Fruits and vegetables contain various micronutrient with favorable
effects on health. Dietary assesment methods such as FFQ(Food
Frequency Questionnaire), Dietary Records and Dietary Recall are
used widely in dietary studies. Because of the errors associated with
this type of dietary assessment, valid and objective methods for
measuring fruits and vegetables intake are required. The purpose of
this study was to examined the applicability of using serum folate and
vitamin C levels as biomarker of fruits and vegetables intake. This
present study population included 85 female subjects from the
Sungshin Women's University, seoul. The participants completed a
FFQ, that to asses intake frequency of fruit and vegetables and
provided blood samples for chemical analyses. Energy adjusted partial

correlation for the relation with fruit and vegetable intake frequency
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was r=0.22 for serum folate concentration, r=0.26 for serum vitamin
C concentration. Detail food group and serum vitamin C showed a
significant dose response(p<0.05). Serum vitamin C showed significant
correlation with seaweed(r=0.22), orange fruit(r=0.22) and green
fruit(r=0.26). Serum folate and vitamin C concentration were
positively associated with total fruits(TF) and total fruits and
vegetable(TFV) intake frequency but non significant associated with
total vegetable(TV) intake frequency. We observed a significant
difference in serum concentrations of folate across increasing
quartiles of fruits intake frequency. Use of biomarker that reflects
change in micronutrient status can better understand the relations
between micronutrient status and health. Serum folate and vitamin C
concentration may be a useful biomarker for the intake of fruit, or

fruits and vegetables.
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