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A Study of Blood Folate Levels in Adolescent Girls
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ABSTRACT

This study was carried out to determine the folate status of adolescent girls. Serum and red
blood cell(RBC) folate levels of 132 Korean adolescent girls aged 12 to 15 years were evalu-
ated by microbiological assay using Lactobacillus caseil ATCC 7469). Serum folate con- -
centrations were less than 3ng/ml in 4.5% and 3 to 49ng/ml in 42.4%. Of the RBC folate
values, 4.5% were less than 120ng/ml and 40.2% were 120 to 159ng/ml. These findings de-
monstrated that serum folate levels were subnormal in 46.9% and RBC folate levels were sub-
normal in 44.7% of the adolescent girls. Serum and RBC folate concentrations tend to be high
in folate supplemented subjects. There was no significant difference in serum and RBC folate
levels, hemoglobin, and hematocrit values between regular meal group and irregular meal
group. (Korean J Nutrition 29(1) : 104~111, 1996)
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AT Gabsnst B JAPAELS ARGPIHE A=
3 Aoz ZAMESITH AHETIE oF87] R £3
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8¢ AYagct. AP A8 F oF 4mle HRI2
oo driEaYgER 2 AT PHEHS A
EDTAZ $H-3 Wol ZA] 720, YA d82 4
Axegos @3 Reste] ascorbic acid BT
(img/mb)e] EoE Alddel &7 F 4 AN
AAR -20CoA WERDsA Ad 2 dHFe
A A £8o] dojux] REE AT & 71EH
=% '

Ao GAEAS &) 18 (0.8mDE A 3E
2l 1% ascorbic acid & (1ml) 3 E@3to] &8o] o
oURZE gty £39 9L 0.5%9 ascorbic
acid® 4-3+= 0.2 M phosphate buffer, pH 6.2(2.
omDE A 5 A A AA] fete] 1%
7F 121°ColA BEstgnt. daiels dEds HET
Ak BAR7HA] - 20ColA WER AT

3. slz2=yin sotE32]E

Fwzz9(Hb) ¥EE Cyanomethemoglobins™
oz FulEATE(Het) A microcentrifuge® At
£33 YAEHez ZAst.
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Bo] wplo B A3l ANLSAT Lactobacillus
casei(ATCC 7469)= A FAT A2 B Hipuo}
AHg-atglet.

1) oldZof vt % R

L. caseic 5ml nutrient agar® 88 screw
capped culture tube®l stab culture 215 543515
o, Nutrient agar®] A4AE-S 100ml deionized
watere] 1g yeast extract, 0.5g glucose, 0.5g so-
dium acetate, 1.5g agarg %o 1587F i X3}
o FHISYT FFE Y3 37CHA 2447 ujokst
stab culture® WARASA D, 454 A Au)
¥t

2) L. casei inoculume| ZH|

A 1nocu1uml_ Bacto Folic Acid Medium
WifcorAh & o] FHg AA e se] Gat(Ing/
mhe = 7}0}01 1087t B3 & L. casei stockE &
A AL, 37T 24413 v gsted F=u)Eke o 24—

hour inoculum®] & A8 1000gM 1087+ 9

Belelo] 358 AN F A42AL AARI HH
Fole] G2 AAH] Ho}oq 48 758 U@
0.85% NaCl §o] %5120 % Q43elshs e
20 BRSIR), AEA02 A48 ol B A
& 718t0] 58 BN Awonn=2} 0.15)0] 2 w744 3

Hafe] Agsieict,

3) GUEME 9ISt HY U MaFo| MAja|nty

879 folyl polyglutamate F+SEA7} folyl mo-
noglutamate® #3H=E 3}7] 9i3le], 89 T ¢
2 AREE s Fug YAtz 0.25mlol H=) Al
% conjugase(0.25 ml)9}, 1% ascorbic acid g3}
+ 0.IM sodium acetate buffer, pH 4.8(4.5 ml)&
F7kste] 37°ColA 6217 B9t incubatestsith. o] &
N GAEMAIZA] - 20Tl WER BT

Ao FAEALE 8l 2.0mle FHE 1% as-
corbic acidg ¥-3H= 0.2M phosphate buffer(pH
6.2, 6mD=E 343 F 121CodA 187 F7sigo)
1000golH AAE T & J2dE GAEA ) Aes}
frt.

" 4) =iX| A% conjugase2| F4|

7] 414 conjugase= Baugh%5*¢] @4g 9
Aot 7Aoo AHA|ste] Fujstgct, Az
Ak AT A A2 100gS DA 22 300mle

Py
T
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32% cysteine HCl £9(40)d 1 Edd=z 7+ &
°] homogenateE 4C, 15,000g%4 3057 YA %)
AT 43 E HolFldl &4 Ae Yol A FH3) A
o|%HA ammomium sulfate #%(31.3g/100ml)<
20234l AR #73te] 50% ammonium sulfate &
=5 3 o] £942 15,0008, 4ToNA
30%7F YAEelate] A42e Rol ammomium sul-
fate 2(25.8g/100ml)<& AA3] d7}sho] (20?:71_})
85% ammonium sulfate E3H}EN7} ==
o] §& thA] AR sl 2o e ‘31?’/]51 AAE
F2ge TR Az o] Bd golg =y
gl W3 4T /S 4L £ 10A]7F B9k B}
© HAE 23] WHESIH T o] conjugase & (F 60ml)
& AREE W7hA] -20Cel Bast o AREEly) AR
o 4z A3t} ALg3lgltt. #4)8 conjugased]
0] 21 endogenous folate 3t< BA57) &) &
i) Ak B4 conjugase blank testZ W8l
=3
b) giitel s &1
PAEAE WAL Bacto Folic Acid medium
(Difcort) % 9.4g2 100mle] ZFgo] =o] oxzt
#° 2X media(double-strength assay medium)=
AHEBETE A AFB(1x 10cm)olE 0.5mle) Fat
o e A A EAYAEE Y, 25mle) wlek
4[0.2% ascorbic acidg #frél+= 0.1M phosphate
buffer(pH 6.2)9} 4X media®) 2: 1 £&%)S Aslst
I, v L 579 Al el = 0.2% ascorbic acidE 3
#3h= 0.1 M phosphate buffer(pH 6.2)9} 2X me-
diaZ T%F £33 §9 15mle gol 2|8 & A7)
AEAEE o AdBoR 15mle] £ SA=
W& R AR A4 FMaignt AERe ¢
FrE 3YZ 49 1210004 187 9 d T 32
1027 BAAAY, AL 5709 AdA(Z 1.5ml)ol=
5001] L. casei @& nlo)agzr)AdX 2 HEstn
opA ) AF(3.0mD)olE 1009 detale HEdg
‘:} Al TE 2 B50] &1 3704 18~204)7F Bl <k
35 W2 vt S90S saEE gyon &
FFA1Z1F 600nmol A FF =S A4tk 0 28 1ng/
1.5ml Ato]o] FArEFEolS A3 ujokdle] F3w
g Alv|23 Yo AAsle] gRITHo T ALEEY
o $Y9T AR GAAE wjs] GAEAAm
HHE £A5ke] Blwslees YA ge] BEE M o}
2 HEES AT
AP T GitsEe ST AY GAEER N
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thea) 2 g2 o8 ekt w1949 AFe FEA T Bk, 1349 ATE
g2 uY gton, 19 s B AGH A

REC late(ng/m) = Ha) B EEAS AR AR A
whole blood folate — serum folate + serum folate x 100 A ZAA 3= (1329) 9 AuRzs 1247}

Het(%) 3.0%. 13417} 27.3%, 1447} 37.9%, 15417} 31.8% K
100 o|E% 93.4%(124%)7} 274< AYska Y,
2749 A7 A7)E 1249 97t 49.2%2 71 B3t

. 134 29.8%, 114 16.9%2 529} ZAF o 4

101 A3 99 B ol 2 ofRek B gpygo) 114134 Aol 23 & B A= A

A= L
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5. MEXA}

A# A7), AAte) A, QA BEAIS TR F BS oz vepgth(Table 2). 94¢ &3 e W& A
o Gg 2N 2 clvE AIE AT aaga 29 A3t 94N 0.8%, LA 17.7%, -
Moz zAEIgon, G EA B8 XL 940l 66.9%, 13410141 96.8%%, 154I1A= 100%
A7\ Aoz BLFYEeR ARE XA, A T+ 7} 2AL AYSa AE Ao et Lol 15417}

Aé %‘% —71‘—/‘}5}91‘3} /}J;g'i} i‘“%‘% Zﬂ?&ﬂ%l?‘ Lﬂ‘g‘% ;q"‘_:’ oqz‘i]_;\g E-‘?‘oﬂﬂ] .7;:7610] ,\]3]_51_15 7}.19_; &}\}_Q%
%ié‘]’%i ﬂiﬂ%‘}\a]xlzﬁ% Rohrer Z]ZI: [:%_‘:[’—7-“ (g) E]' - o\']i:l‘"‘)ﬂ}ﬂ 5(_/\]_% i%igl 7“)\] )\]7]}‘.:_ 104 ;‘ioﬂ

X 10077073 (cm) ) 13T AgA AFBAEE dor 27D e
6. EAXIZOl B 2709) A7|nc 2d AR Wk Ao Yehdth
2 2 A¥ARe] FA HE SAS(statistical 9 sxo| FALE

analysis system) package® F#3tgith AAH A Qareoplel e Brleke qsad W e dEA

A, 28T 2 A4 gA5FES Hb ¥E Het A8 51 oy ays Ag7e] Jibssg A SAshe
BFA st FEAAE A Ak FEAYH A e 5 o5 wlo|t® dxol %
g daezite] BAE 2Abe| st 33 % AHE o GRS 2AFnEN AR 91 9
7 @A% %5 Hb gk Het #lol thg t-test= Al &3] &3] AeEE wpge uAESE A% (microbio-
Bitel Aolo] tldt FAMS AFANAT. FBH AF sl assay)olth

Fol QABE A9l JBAE W] 93te] Pearson’s g Eapal 4 SmethylH, PreClu/t o
correlation coefficient® 73T

Ry
o
)
o

nmxoln 2 monoglutamate FEAE 2% EAE
ot QTS VIECR gt E AdE
o g3 gAbsEst 3ng/ml oldteld ARAH, 3~
4.9ng/ml Atelold A ABLH, 5ng/ml °l/de|H
HALZzo 7 PR Ao GAEEE A sk
ol"& A7 %/\}‘:B/‘o}?‘]'(m*ﬂ“’lf)"ﬂ "\]'_°])-°4 l‘éj’."\‘l% BN A BARE BRQNEES AT 274
< 157.0cm, ‘%‘ﬁ'x‘“%% 50‘5kg, ’}17““%‘}%—_];(]‘}!:’6 129. E-Cl] Cﬁﬂ‘ﬁ%%ﬂ"% ‘ﬂ%ﬁ}ﬂi, ‘3]5’-;4 o 7]711' =
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golom A AF L AANFAAFY 2ol 124 oF FARAE T} e A E FA|F Huto] Gatel

o} 134 Atolel 743 ZtH(Table 1). A g AHES] AgAE R $4E 4 ok Apaolt) @;@@;&%EJ}
)

Table 1. Mean heights, weights and Rohrers index of subjects

Age(n") Height(cm) Weight(kg) Rohrer's index
12( 4) 149.0 + 3.6%(100.6)" 359 + 3.2(87.6) 1083+ 8.3
13 (36) 155.8 + 4.7 (102.8) 51.1 + 10.7 (113.6) 133.1 + 216
14 (50) 157.1 + 4.7 (100.4) 501 = 7.6(99.2) 128.7 £ 16.0
15 (42) 158.7 + 5.1 (100.2) 520 + 5.8(100.2) 130.1 + 13.5
Total (132) 1570 + 5.1 505+ 8.4 129.8 +17.2

1) Number of subjects

2) Values represent mean + SD

3) Percent of standard was obtained by comparing with the data from Recommend Dietary Allowances for Koreans. 6th
Revision, 1995
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Table 2. Comparison of the age of menarche of subjects

Menarcheal age(yr) Number of subjects n(%)

9 1" 0.8)°
11 21 (16.9)
12 61 (49.2)
13 37 (29.8)
14 4 (3.2
15 0(0)

Total 124 (99.9)

1) Number of subjects.
2) Percentage of subjects.

80| 29 784l (negative folate balance) o]
< oujshy, At V)5 8 = Y gake] 2
A A% AR89 AP E F&s] dEFAe £
AT, 2 G QAEEE oo Qe E
Htedsin] Hdgol danrs A7) A5 E A7)
o A A S whdstE R, AT AbsE
© 9] g A 2 Wl AL gholn g
U GAbeERn o Z8s GAdSdEe 34 71$0)
2o,

2 A g EE AR AR 4
5% (6%)7} 2348 ( <3ng/ml), 42.4%(56™)7} &
A AAE(3~4.9ng/ml), 53.0%(70%)7} AAH>
Sng/mD)Q] RS2 eh}, A 2A SR 46.9%7F
AAolsl £ EAYITE(<5ng/mh Ro=
ZAEG oW, 45%7F T EHEUMAE Y
tH(Table 3).

s LSS ALAS ddoz A d3dA
© QA 2T 16%9) 84 JAEE7} 3ng/
mi °J3t2 ZAEITH AT we FAdEe] 4
AR WS T A7 ofiE AAEF AlEr] o
e 1699 59 4.7%9] A QA5E0] 2ng/ml ©] 3}
Ao, TS 889 Folle FHYUITE 2ng/ml ©)
3R AAe) glgien, B AFNE 8 GisE
2ng/ml °]31¢l AL gl Zloz ZAIHIHFig.
3). g, ALEF AKEY) T4 169% 72l 69.
8%, 5455 A7) A 889 7h-H) 50.8%<] ¥
A st 2~bng/ml Atel2 Jelygtoen E A3

Table 3. Assessment of serum and RBC folate levels”

NHe dHdHrts2rt 2~5ng/ml Ael7t 46.9% 2 Y
Eh} Daniel's "9 A7ellA 24 $47%F ogtle
Hrp dAPueEe] ¥3d AR 2AEHJG
(Table 3).

B QA - R 83 QeSS 2ANG 7P
A P9l 26.2%, FH-H9) 36.0%. AU 49
40.7%7} 2B (<3ng/mDE FAFERIR, 34 2
HFE(B3~49ng/mh7HA 33t 9] 42.6%, 4
9] 44.0%, A o449 44.4%7F B3I FHHG
FEY AOR ZAHUT B 2AL A7) o349
A HAFEL 3ng/ml o187} 4 5%, 3~4.9ng/ml A
o7} 42.4% %, QA - R 2 A AR Y ¢
Aol G353 AR Yehgth

QR FEE Fig 13} Zo] A1 3
A BHFNA7F 2.27Tng/ml, A2 FHQNA7) 14
49ng/ml2 ZAOERE] oF 85%7} 3~8ng/ml Atolel]
wx=lo] 9

3. HETo ptE

Herbert®= A& 24do os) 44 5
THNEEE 7)F 02 JA NS B4 o, Y
T9] F4bEEs 120ng/ml olsto]® AHAH, 120~
159ng/ml Atejeis g4 A8 3, 160ng/ml ol/go)
W HApEo R e AL Agdsid. e, 9
19 Ao e HPTe YabsEr} 140ng/
ml ojatd WE APAee] 7]E o2 A8

FAAFTEE 5o FFSHE LA ALHw
3T o) B Gabsrt 44 ojgte) o R A3ty
o, 73 ol tEaA 35 (polymorphonuclear
leukocytes) ¥ H|A YA o2 & PAAE e} HAn
o] dF ol Uehdt} AYT9 HabsrmE MA3 A3t
Hol 43 AP o)E & T 47]¥o] HAL W) B
& olat= Aatey o4, 5 Fole F4o) AdiAe}
FS3 NDTAZ eEPdT, o] GaA g ol g
=lo] Aslstd o] A@sde] el 7R o 471€o] &
259, AP 3e] 1 9 120¥0]22 HF 7o gat
FRE 58 470t §48 2AHE B 9 it

4

N

RBC folate(ng/ml)

Number of subjects

Serum folate Number of subjects

n (%) (ng/ml) n (%)
Low <120 67 4.5) <3 67 4.5
Borderline 120-159 53 ( 40.2) 3-49 56 { 42.4)
Acceptable > 160 73 ( 55.3) >5 70 ( 53.0)
Total 132 (100 ) 132 (100 )

1) Serum and RBC folate levels were assessed by Herbert's standard.

2) Number of subjects.
3) Percentage of subjects.
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Range 2.27-14.49 85.7 - 380.3
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Fig. 1. The mean, range, and distribution ‘of serum folate
tevels and RBC folate levels of adolescent girls.

& =A3}7] Aol monoglutamate FEIZ T
Hojo g wd AT s EE EH v
e zonz FAMNEEE AL | ER Rk
g3 FAo] dojux| ge2 M FIE 7ok
g},

B zARAAY) AT QAbEEE 4.5%(6%)
7} ARArE (< 120ng/ml), 40.2%(53%8)7} 24 23
AE) (120~ 159ng/ml), 55.3%(73%)7F AFEAC
160ng/mb)oll YATH Table 3). =3 4] ZA VA
9] 24.9%7F H¥T AL 140ng/ml ojallem
(Fig. 1), 20.5%< 140~159ng/ml Alo] = veht o
sASo] 44.7%7F Aol AT PNTFTE LhE}
U Aoz ZAEAT

N2 AA53 P49 19392 oz A A
Do), AR ZAFRARS] 4227} AP AAEE
140ng/mi ©J3t% L, 13%7} 140~159ng/ml Alel2
zAEQen BA A ooz AR &7
A o8ta) 937 %) 40%, FEA 118 $ 13%7}
140ng/ml ol3te] HETANFEE e Q2= £
Apsle] eeuel qetse] gatdddErt olE ZA}
A prfe F3e Ao FrHEU.

AA) ZAAALS AFTGAFEY BEE HA H
7 AAHA] 85.7ng/ml, HiL =3 Gk 380.3ng/
mlg We 2¥E geion, 2Aigate) o 55%7t
120~180ng/ml Abojoll B} AATHFig. 1).
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Fig. 2. The relation of serum folate to RBC folate level in
adolescent girls. The horizontal dotted line
represents the lower limit of the normal RBC folate
level(140ng/ml) and the vertical dotted line
represents the lower limit of the normal serum
folate level(3ng/ml).

- o] 18%(24%)7} b JYAE BEATT SHIH

o WAL 9 A4 WIS W 3.8%GB)T
AR ZAZ 74 ol FAHolL AEH R BE
st ol Aoz Ueet mEhd, B AFels 24
Nz7) Aste] gato] e AUA HEES =l
T2 a7 u 9Fe] ATV ZA A Hrh
1%9‘/1.{;1_7)10) 17) . :

B o) JAEEA 28 Noa vEg Jue) 3
#F "4 EE 742 7.03 +1.49ng/ml, 5.50 £ 1.
97ng/ml @i, T GAbs=E A7 2542+ 31
Tng/ml, 177.4+51.0ng/mlZ ZAHE AARZA)
2o Ade] ¥4 2 AYT GAEEN B AFS B
oy QAREAS Hed hdRHEE)7E ATdEe
qlolA EAAL fode AT WA

QAR ZA HESA F 46.9%7F A olare] B
Qabes( <Sng/mDE, 44.7%7F A olstel A
FAEE(<160ng/mDE  UEhod, FAHEEA
Raxse 8% 2 AWT YAsEE BF A o
Aol 458 ehlen o b ALAFONG T A

 Askaet.

4. BHD HET GuSES] AT
—

I
A RS FAGNEEYG APTINEE AL

&% A3t r= 0.582(p <0.00D 2 Heht B33
S @A Aolo] folHel gkl AuAAT S

o



10/ A447) A8 As) BAGAFZ BT AT

Table 4. The blood folate levels and the hematological
values of adolescent girls by the regularity of

meals
Regslar group  Irregular group
(n=106) (n=26)
Serum folate(ng/ml) 5.61 + 2.06 5.36 + 1.56"
RBC folate(ng/ml) 179.8 =+ 53.1 182.3 *= 504

Hb(g/100ml) 131 + 07 130 = 0.8
Hct(%) 433 + 24 429 + 25
1) Values represent mean + SD

Aoz ZAEATHFig. 2).
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31 @) ol AAske gAS EitE A A4} A
gog 99 U SE FEe A ddew
BEge T gy Ay 2 HPFiEE, Hb 5k,
Het X2 v2d 23 F932 2ol fle 22 4
ERgtHTable 4).

oyt o] ALY FAAS 2AM A3t v 339
FRAA AXE stz Qe S HEL HA e
31.1%. 3% 87] |4 A2t AL A A
18.9%. UMA 50%= 45Ydl 1~53]9] 2AHE A=
1 9o, AA| ANt 68.9%(91%)7F Bt E AL
A& zha Qi Hod A, vid obiAAL
2= e A 16.7%%, Fe 35hdY 4
B4 ZAPO|A Uehd obd A2At 15.2%9% ¥
Zzolqltt, opdAAL} 19 AA B 20%E
sh FAAH 07 opHAAE e SAE0] 19 9
T $EAZ F YAcHE A+ENE 2
| ARR7) oAl 1EA ol FAAE B AL
AR A7 fAE 98 vig S

o)) Aol oshy FadEe] FrFe] W
% Brd AL Qo7 ZAFYeHIT gy 49
oJ Aol FF A F Fo) 139.51g/day® BiE AT
A vjFo) B u) AlEY] S AT R
AAES 2 ¥L 7FsAol 222 v
WS QAT B 277t asins 4zgct
are B2 AZBA N 7 ZALE Tl F453
A REd?, $vere F8 Aazeyol rtdxe
9l AE Gate] o] £ 5L Bt Yol F & Utk ¢
AR oz JHste AF Gatgtarel #e A Ho] £5
g AL FAPE] §AMIF sko] e A3 dAZE 9
9 omO” HAIEL giato] TR AMT At 7
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B A7 A E 1241904 154 Atel9] AFA 13282
Qe 84 2 AF7 JATrEE FHst] A7
B9 QAR el s Akl

D) AR 2AE ogae) e Age 157.0cm, 3
# AEE 50.5kg, BF AAFAXSFE 129.8 ol
o A7 AF 2 ARFAAFY Aol 1241994
134 Atojoll A 74 3dt.

2) A7) s ¥4 2 A¥T gAsES
Herbert7} AAE 71&30 vl wsls e o, AP E
= AR z2AHA] 4.5%7) ABAE(<3ng/mb),
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g AR 4.5%7 2938 ( <120ng/ml),
40.9%7} A2V (120~159ng/ml), 55.3%7 A
A9l (> 160ng/mhol ggem, AR AR
94.2%7} 140ng/ml olate] A& Gabs =g Yehd,
A7) AAEe] Attt Axd A o2 A}
L=

3) At 24 B g Fh(5%) 3 v E-8 I (127%)
o ¥F G EE 2H7F 7.03ng/ml, 5.50ng/mie}
olon HF AATFIeEE 47 254.2ng/ml, 177.
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e el oy GAREAE 548 tadxtel 74 A
gsjo) glo} EAHY Fode A5 5 Wt
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o P, 2739 AN AZIE 1249 BT 49.
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Ax T Aaze] §949 Aot dE Az v
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A 2 AP Qo] Az, A 2AEA
9] 68.9%7t EFHAHQ x5 A 2 Y 2AHEA
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