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ABSTRACT

Soybeans have been a major protein source for many centuries in Korea. Soybeans contain phytochemicals which are
isoflavones, biochemically active component. Isoflavone is a kind of phytoestrogen, structurally and functionally similar
to estrogen. It has been reported that the breast milk and blood of breast feeding mothers who consume soy products
contain isoflavones. This study was conducted to investigate the effects of soy milk supplement on the isoflavones (daid-
zein, genistein) concentration of breast milk, plasma and urine from breast feeding woman. Seventeen healthy women
who delivered at Kyung Hee Medical Center were recruited. For the first 2 weeks after delivery, seventeen women
ingested 400 ml (isoflavone 43.2 mg) of soy milk on the given time starting from the day of giving birth. For the next 2
weeks, soy milk ingestion was withdrawn. Dietary intake and anthropometric data were checked and breast milk, blood,
and 24 hr urine samples were collected on the day of giving birth, the 14th (the last day of the supplement phase) and
28th (the last day of the withdrawal phase) day, respectively. HPLC analysis was used to measure the concentration of
isoflavones. Dietary intakes of the subjects were inadequate for the Korean RDA regardless of soy milk supplementation.
Especially, intakes of vit A, calcium, and iron were very low. The Anthropometric data such as LBM, TBW, PIBW, BMI
checked on the day of 14th decreased and maintained their levels by the 28th day. Daidzein concentration in breast milk
was not affected by soy milk supplementation. However, genistein concentration decreased by the 28th day (14th day :
0.89 = 0.10 £ g/ml, 28th day : 0.48 £ 0.07 zg/ml) (p <0.05). Plasma daidzein and genistein concentrations were not
changed by the 14th day and decreased by the 28th day (14th day : 49.64 * 3.30 ng/ml, 26.72 * 2.90 ng/mi, 28th day :
38.30 * 4.40 ng/ml, 6.51 & 0.50 ng/ml, respectively) (p <0.05). Twenty four hour urine concentrations of daidzein and
genistein significantly increased by the 14th day and decreased by the 28th day (14th day : 5.80 * 0.3 mg/d, 4.17 £+ 0.2
mg/d, 28th day © 6.72 = 0.4 mg/d, 5.09 £ 0.5 mg/d, respectively) (p <0.001). The rate of urinary recovery of daidzein
was greater than that of genistein. The results of this study indicate that the supplement of dietary soy milk to the lactating

women elevates the contents of isoflavone in the breast milk. (Korean J Nutrition 36(7) :

736 ~742, 2003)
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Isoflavone< &l MAF o2 &A= FHYEARAN
phytoestrogen?] ¥Zojt}” Isoflavones oA =8
estrogen¥} —TLZ&Z* *E%f'fmii’ AR, Aol es-
trogen?] agonist -2 antagomsti 23?2 Al Eo
EA3h= isoflavone> tiF-2 Wl ZA Fefjols, Zhijn] g
Eo| ¥H)8h= B —glucosidase 2 vluiEA] ez
Ag=o] AUZ T8 F 7olM glucuronidett sulfate
o} Agste] Ao wjd ), vl g F daidzein
2 |5 g3 o] drtEgE AXE gel@idel &
£ equolZ AEHT}? 0293t isoflavoned] tiAl, F, Hl]
(distribution) & 71l et tpekstAl vehde, 4H71%
2 AFF] wepx] g2kl 4 ok

ofrlo}Rle] 74, 1Y H 20~50 mg =2 isoflavone
& AFst3 glon? FEA7 PEJE Yo E g AT
M A7 39.4 mg,"” 47.4 mg”& AFske ZAo=R
eldt) A Aokle] 39 1Y HHF 1 meoldkE AF s
v AoE AU $+51¢] 14 isoflavone A Z
AA| ofr|olRle) By AHFHH v RoZE FHA
AazAht FEAE e ARE U 3 A AT
Agel oJshd 8% 30 mgoldd isoflavoned AHH WS
o AESA a3t e Hog HauEdok T o4
< T—H’“_E 4 Cassidy S| Aol 315 40~50 mg

59 isoflavones AFH8INE 3¢, AeF717F AojA|

5 dA¢ A3 39’.*4'5 710 ¢ e RAeE Bust
ek Setchell 579 Aol es A A W2 daidzein
3 genistein®] ¥H71= Zh2; 7.9417F, 3.3A1F AEo|E
2 &0 F AFE AFsIor -8 EF isoflavone
FTEE ARS8 444 aRE J|UE 5 e Rew
H 3ol

$HH isoflavoned] T2 &2 Aol digt AFYES A7)
3 AT Ae E g v} QIehT AlAje} =2 *]’47]
9} o] AaA wdo} N7s A - isoflavoneot =
2 Ay, A¥ss 13 Z 4 Jdon ARdA =29 iso-
flavoneo} Blote] AAAo] ks v + Qlvhe 7R

AR B} Qlek Y L8t FEo|A ol W isoflavoned] o
3 U e 20 Zo] 2L, AF sk isoflavone
9] i} FR7 wet dzks vig gE2A Jepid, 53]
Joteo] ¢, d3 At isoflavoned] A o] ok3lo]
frotell Al isoflavone ] A& AL AA] Gae AF
 ATE QUTk

=8 2 F AETL A 889 FF9 isoflavone

RS ESEE 360D 736~742, 2003 /737
o] &fEe] o, Hax F AFY A =& = W

FHEY BioE A isoflavone®] EFEo] 9l
£ Aoz AlgEHY o]of digt A7 Mg Aol w
HA T 2 FAFES AT FATIA ERE BHlE
+= isoflavone?) %’—E—‘r_Jﬁ,f_’ o 2 ou)7} glt B AT
e ielA 19 5 400 ml (Gsoflavone 43.2 mg)
£ 257 AHH R AR F FFCE #HEHE iso-
flavone2] g3} 59 §°“ 9 419 soflavone &
28 43k 253 FRAFHE e F oH] isoflavone
gFe S FRFNY FREFS A% E HES)
A+ 3Hih

lﬂl&

ZOOILﬂ 59%E 20019d 9€7H4 K Wjg4d

BEel 44s 24 F 47 oy ArE
EH"ZP A 9 71Ego] glon, dAl 38~42
Rk A7 AFREA 2 AT HA e st
17%E o= siGith AQ7IME F 4572 tdAtel)
4 AFHE 273 A AR (11 : 00 AM) ol
400 ml (isoflavone 43.2 mg 3+ & St WHol A3sHA
# %, 7 0 27 AAS FUap sl 481z
Folle dde AN JdE FRBIESE d13len, F Al
9 AHt HES AT 31 *—;‘% %9 isoflavone
o] AHZE stk 8 AE HE EEAE A9
i ofd ok H83kA dEE it

2. NAMIS

2z 243 %f-oﬂ F 3§4 %—Xé%}%n}. BE S¥AE 25]*4‘
E4%] Fa-2 Wtk A, AlF, AR AWNn &
AL A=A 7] (body fat analyzer TBF—202, Japan)
£ ol g3tk

3. o) 43 T

2 AT cgAe Qi BENoE AN, A%n
of Bt RS SAgion, ol 4H ZAE I B
A%, 27 9 4F T 2 7100 393 (3L 29, 7
19D 9] AAIAAE Falo] 24213t Ftk AT RE £
2 71S3ES ik AN BE $49 37,
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FE Gl 2lolid dok= CAN pro (3 gotsts
2002) & ol8st] B H Fdh HAFE "%5}9\"1‘:]'

4. N2 N
NE o

FAFY ARG S H2E F/E ’S-‘r]?l Y, 2377
400 ml9 72 4335 1497 (F 7] & 3~5AI7H
AR, 18l £ HFHE 257 -6"%}?} 28"4’5‘1101] hepa-
rin (10 ¢l/mD 22 289 vacutainere] AFsE & YA
£a] 3l (2000 rpm, 15 min) 3 S|
A7 —70Cel W5 R8Ik

8 &

TR B 22 542 A 9, Fu3E
A48 27 M 1447} F7 AHE S8 2F 39 289
Aol Zkzh dg g Al (5743 3AIRE B ol 7~8 ml
& QFsI e, 4 A7 70T ¥E 2usigich
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5. Isoflavone?| §FE4

[soflavone 8] #2248 98] HPLCE spectra sys-
tem P4000Q (thermo separation products, Fremont, CA,
US.A) & AR89 3, columnd Phenomenex Co. (Tor-
roance, CA, U.S.A) 8] Spherex 5 C18 (250 X 4.60 mm ;
5u1)& AHE38I3TE Mobile phase= 5 mM NaH,PO, &4
(pH 4.6) 2} MeOH (Merk Co. Germany) ¢] &3l A}
£313 1 flow rate= 1 ml/ming &g on, 3% 260
nmelA #4815t

M85 FEE daidzein? genistein FEF-E& MeOH
2 ojg] BEE 3A3te] UREFEZQ apigening T
H7rskaL, HPLCO 431 24249 chromatogramg &
Aot ol5 BFAFTAAE Tt 7 ABEY isofl
avone 3T&g AXtel FAE FE3E B4

1) 8 Isoflavone &3 &%

7 Foll 74 isoflavoned] %2 vjulZA)Q) daidzein,
genistein 823} total daidzein®} total genistein®) ek
& AFEA 3t A% /8 MeOH (100%) 2
F231e] WA veFA|9 isoflavone2 A%ty 1 M HCI
& A7FEaL 100CeA 217 7HpE-aliske], niniga) 2}

w2} A%

[-ﬂ r\‘

St conjugate FE]] isoflavoned] & &

=l vl

9%

ol

& %24

oack

2) 2% 39 Isoflavone] 83 &%

A /45 4 (B —glucuronidase, sulfatase)
71-23l$t ¥ sep—pak (C18, Waters)& o]-&3lo] Ak
4 31tk 8431A17) sep—pakol 7krEE ® RS
%3] loading3t & C183 ZA3tH o] ¢
THA] A Ao

3) &% Isoflavone 5% &%
1.0 m19] 4o 1 M HCIE 3718t 2804 100T
£ 227 Bt 7l Eslst & AolA 4131 10N NaOH
£ 33tk 359 MeOH (100%) 2 isoflavones
F&3}1 syringe filter 2 o}Tslod HPLC #4o) o] &3}
At

4) & % Isoflavone &F &3

A4 (B —glucuronidase, sulfatase) & acetate buffer
o 8AA FANE UE F 3.0 mY =5 71AY FF
3] Whg-8 vhEo) g o7 37TollA 24417 7hrE-a
ik 7k gg F FE3 el MeOH (100%) 2
isoflavone< F&3}31 syringe filter® o33k HPLC
#4] olgaigich

6. SHEY

E& A8 43 Statistic Analysis System (SAS) £
AZE JRE o] 83t] H (mean) I EF 24} (standard
AEsIglon, Zt 71749 Bwke] Ajols Dun
can?] general linear model® Duncan’ s Multiple Range
testE ©]-§3t p<0.05 FEANN FI4S AF3ITh

+ isoflavone &

error. SE) &

At 5 A
1. QYA N By
B A iR B A% 280 + 39450, 24
AR S4ko] 8ot} (Table 1). Z5F A4

o] 9, ¥
o= Erisiglon, ﬁﬁ 717 39.6 + 1.27%h
A A ARS HE AlFE 53.3 + 5.5 kgolgleH, A4
T 2 HA AF 61.8 £ 4.2 kg = recovery rates
116%%3th

2. NMYH

3 A3 AR ] BHEAEL 66.9 + 5.1 kgolglor, 2
F 3 B AFL 627 + 6.1 ke, 45 F9| HF AFLE
61.8 £ 4.2 kg°It} (Table 2). £4F 25 o= LBM



(lean body mass), TBW (total body water), PIBW (per-
cent ideal body weight), BMI (body mass index)7} &
T F9402 ZA4s80H (p <0.05), 45 Foj= gad
FAE AASNI 58], B4 F 2470l AN
< FaskA Gort LBM2 foja oz Zaste] (p<
0.05) AFH2E TBWS LBMS] el 713k 22
2 Alad

Table 1. General characteristics of the subjects (n = 17)

Mean + SD
Age (yrs) 280 + 3.9
Gestational length (wks) 396 1.2
Pre-pregnancy weight (kg) 533 + 55
Weight after 4 weeks of delivery (kg) 61.8 £ 4.2
Recovery rate (%) 116

Table 2. Anthropometric measurements of the subjects (n = 17)

Day 1" Day 14 Day 28
Ht (cm) 1620 £ 49 1616 +562 1629 + 4.0
Wt (kg) 669 + 5.1 62.7 + 6.1 61.8 =42
Fat (kg) 19.1 £ 22 19.8 £ 39 170+ 1.8
LBM (kg) 478 £ 3.6 430*30° 426 % 1.6°
TBW (k@) 350 * 2.6 315+ 22° 31.2+1.2°
PIBW 1212 +56°  1142+57° 1120+ 53°
BMI (kg/m”) 265+ 12° 240 +12° 235+ 1.1°

1) Day 1: The first day of supplement phase

Day 14: The last day of supplement phase

Day 28: The last day of withdrawal phase

2) Mean + SD

3) Values with the different alphabets in the same row are signi-
ficantly different at p <0.05 by Duncan’s Multiple Range test

Ht: height, Wit weight, LBM: lean body mass, TBW: total body
water, PIBW: percent ideal body weight, BMI: body mass index

BB EEBEE 360 736~742, 2003 /739
3. 3FL MASH
TRl dokh HAdEE 19, 149, 2895 9] o]

AHE 24217 A o8 2A} 7)E3}o] BT )
F 39% A3 429 717k 2056.0 + 436.8 keal,
2250.2 + 319.1 kcal, 2160.0 + 344.7 kcal2 #3l7} &
A A] kgtont AR} Auke] HHFE FHAIF 19H
Br} 1497 280l FH o & AHAFES 2Ych
FAE-S] Fokh QNS I SRS ISFERF (7
2+ 737, 2000y 3 ¥ wgh A, wA niacin, 4] A
t Jzslovt (ZHz B3] 98~115%, 97~109%,
109~123%) Q% v1E8 vlep A, vlell B2, Bl
U C, ZE, AR H37F dFEAZe uRA] Z3n
(9% : 85~94%, HIEM! A : 55~97%, BlEl] B, : 88~
94%, BIENIC : 88~92%) 53|, 243 HEQ M
2zt AR 66~70%, 59~71%= dAERCE AN B
Z3 g AHs 3 Qe Aoz et Fig. 1).

4. Isoflavone? FFEN

1) $& 39 Isoflavone &

T 100 ml & total daidzein®} total genistein®] &
2 712} 52 mg, 5.6 mglE tRtEe] A8 59k 1Y
AFE TR 400 ml F F FFE 43.2 mgo|Tt (Table
3). ol g8 vulgAe] 8L daidzein©] 17%, 1

Table 3. Isoflavone concentration in soy milk mg ( /100 mi)

Daidzein Genistein

Soy milk (aglycone, %) 52" (17%)” 567 (18%)

1) Total daidzein concentration in 100 mi of soy milk
Total genistein concentration in 100 ml of soy milk
3) % of aglycone in soy milk

Nutrients

O Day!l
O Dayl14
Day 28

Fig. 1. Comparison of nutrients in-

0 50 100
% RDA

=Significantly different at p <0.05

150 take with RDA, RDA (Recommen-
ded dietary allowances): §+=201 &
oF HazF 7XE 7HE 2000.




740/:0 y_%o] 220 H o

2] 1! genistein®] 18% % YERGT)

2) 2% 39 Isoflavone &k

BHE BH|EE diadzein®] T2 7} 7]71] met 203
Q1 Kjol7} giglort (19 : 0.83 + 0,09, 14 : 0.63 + 0,09,
28 :0.60 £ 0.02 pg/ml) genistein 14 0.82 +
0.15 pg/ml, A&EHOZE F/E AFHAST 25 & 14YA
£ 0.89 £ 0.19 ¢g/mIZ 27t &R dgrovt, T
HHAE T9E 2F F 28YACl+= 048 + 0.06 pg/mlZ
oA o7 743Gt (Table 4).

Franke 5°'2 A7) isoflavone B3
9] isoflavone®] #HalFEel| Tdsh= A7 4
14217k Alolo]H, baseline 22 Eo}i= AIZFE 2~4¢
2 Uy, 2f F 5= A% vldsh= Ao
EPtth B3 genistein®] daidzein Bt} ¥& 52 ZH
o HtgH = Ao T et E AT ZAHAME &H o
2 FHE AEE 14980 B8 29 daidzein B} ge-
nisteins =7} o ¥4 Yk

TS Franke 5779 Aol 2/ W9 isoflavone &+
Zo] 7 4 e AFATIE ETeln HEEA] ¢
= 207 Buslgon, Setchell & B4 29 isofla-
vone?] &% HPLCE SAsl7]olle ¢ @2 5ol
2 3o} AP 7)7] (GC-MS) £ o83l A7) A
stk Slavin $9'2 HolollAl lol ZH-= phytoest-
rogen®] 83 TFYoE Bl o, Franke 53}
Morton & ZollA phytoestrogend] g 43}
of sty AP FH el Ef=o] A= isoflavone
32~47 mgNl A=) v, 24 W isoflavone &L 56 +
4.4 pghold, 30 mgY isoflavone s F-F5olAl B35
£ o 2§ 9 isoflavone T 27 g2 ZAESICH
A5 47022 Fobrt 1% H sk tiFFoky 800~1000
ml W9 isoflavone ¥ 35~50 mg® Z5 W isofla-
vone ¥ vlug ¢ o =2 FFEOE YERITS

B A7d3 #4847 ZRE B EE isofla-
vone?] 3L PJolrt 149 HHsHs HdhFH2 isofla-
vone &% B} F8] W $Folglon, iR T4
HE Bt F isoflavone §ol & TS v)A|A] & A
Table 4. Daidzein and genistein concentration of breast milk

Day 1 Day 14 Day 28

Daidzein" (zg/ml) 0.83 £0.09° 0.63 +0.09 060 + 0.02

Genistein (zg/ml)  0.82 + 0.15™* 0.89 + 0.10° 0.48 = 0.06°
1) Daidzein: Total daidzein
Genistein: Total genistein
2) Mean = SE
3) Values with the different alphabets in the same row are signi-
ficantly different at p <0.05 by Duncan’s Multiple Range fest
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B2, ¥ 4 Isoflavone EE9)| u]x): g3k

o7 jepsdth Choue ¢ ATolA 54 DHA
£ A&H0F g7 BEEE W 242 #H]== DHA
o AR 7P BEEl e, 4F¥ DHAY &
of HidE= Ayt 2 Ao et o, isofavone
=3k 2 A7 A3 isoflavone©] Bfol wigE= A
DHAZ} RId=e= Aol vl 53] *& 5707 1}

Lk e do oo
I oy
o

T B3-S $93 25 $ 2559 isoflavone )
ol njsl FolHog ¥ &5
¢} isoflavone®] ¥ FAI57| 3l
TR AFEH e AR ey T
of W& EHu) isoflavone BFAA Eol DA
Ui A7 HLF Ao R AlgHET) 53,
9] isoflavone &HFHL vl B2 AI7HE 259
AT o] gyE o] AR G A3o|BE o]
5 B A7) Rgsolo & o7 AlgHh

3) g% 39 Isoflavone 5%

FREY 8% F daidzein® FEE F9493 AlE o
o = 47.00 + 2.7 ng/ml, 14Yel+= 49.64 * 3.3 ng/ml
2 Zjo)g BolR| ggont, AHE FUst 25 321 28Y
ol 38.30 + 4.4 ng/mlZ FAHQ 4 HAY (Ta
ble 5). =F5-29] A = genisteind F5EF F343 A
ZF Aol 34.74 + 3.7 ng/ml, 14YellE= 26.72 + 2.9 ng/
mlZ zle]& Bolx] gkgkont, 289elE 6.51 + 0.5 ng/
mlE 3o 7Asd)

Setchell 59 AFAHo|A 1Y 50 mg?] isoflavone
S JAF3H= AelolA % isoflavone 57} 50~200 ng/
mlZ ZAMES Y, King 579 A3ddd e & AL
AL o7 MHsh= (2F 50 mg/d) 4919) = isoflavone
9] 557} 50~800 ng/mlE Veht A9} B AFE )
Z3IE v F7=Z 4433 isoflavone] AL EFo
AAsHA HIHASE & F Utk Setchell 9 A2
oA EZ2 daidzein} genistein® 57} 3ol deh=
ton”F ZH2F 7.9713F, 332413 AEol9lon, e 52 A
FHg 7¢, o N9 s AE7) daidzein® T} genistein
o] o &5l nld] £ A7 Aof|A= genistein®) FX7}
daidzein®] B% Bot @A Yeldizd] o= AdA)Re] &

Table 5. Plasma isoflavone concentration of the subjects
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Day 1 Day 14 Day 28
Daidzein (ng/ml)  47.00 £ 2.7""% 49,64 + 3.3% 38.30 = 4.4°
Genistein (ng/m)  34.74 + 3.7° 2672 297 651 +05°

1) Mean = SE
2) Vdlues with the different alphabets in the same row are signi-
ficantly different at p <0.05 by Duncan'’s Multiple Range test



FEEY peak time™ E317] wjio] AL}, R&AQ A
E 3} peak time©] AAF 7] WL 22 F5EG oo
g AESE A77 HeE oz Alg®n

4) & 3 Isoflavone &

400 ml9] FRE 2537 ASF 02 AF 3 14UA =
Hx FHAEFAA7] (1Y) 2ok Ao widEE daidzein
(19 :5.80 £ 0.3 mg/d, 14Y : 6.72 + 0.4 mg/d) & ge-
nistein (19 : 4.17 + 0.2 mg/d, 5.09 £ 0.5 mg/d) ] <
o] o2 7T, FAAFE F9% 2 $9 28
A (daidzein : 1.27 + 0.1 mg/d, genistein : 0.89 *
0.1 mg/d)oll= FaAE 7F4-3130t} (Table 6). 194
Hr} 1449 isoflavone jd&o] F713E 2 F72l |
Q1 AH e 2gt Aoz AlgHth Y& Fd AL o
}o 2 gt AshZARY o)A 3ol 2F 50 mg9) isoflavone
& AF89E W, %% daidzein®} genistein®] F+ i
Z2 5.22 mg/d, 2.91 mg/dIE VER¢Th

1¥ll= daidzein, genistein 433 (20.8 mg, 22.4 mg)
2] 27.91 = 8.8%, 18.83 + 3.9%7} AW o= ujdEg e
o, 14l 32.32 + 10.1%, 22.9 + 11.3%, 28Ydl&=
6.09 £ 2.9%, 4.05 = 1.9%7} Zzt WA E ). *d 7
= 713X daidzein®] genistein Bt} ¥ & )&= )
A=) King 572 A7 @3l 2Jsha daidzein©] ge-
nistein®]] Bl&}] F-go] 2 Ao YehgEd £ A7
Ao M s 22 ooz etk FHE e 193
1449} daidzein®} genistein®] 3|82 A3t isoflavone
] 27.92~32.32%, 18.60~22.73% 2 Jelt=dl Lu 5"
o] AFAANE 47} 66.2%, 23.9%% RuEglen, o
S AdFNAM = 242 16~49%, 10~16% = Vyeptc) P33
o|213t daidzein¥} genistein] & £ wjAd=e] AJo)E= ge-
nistein®] | gEl 2§ 237t daidzein Bt A28
daidzein®} genistein Bt} AWE7F 1 daidzein®) 3
T& (AFHAFe A =] AdlE 8]E) <] genistein
9] 3)4& W} 2~38 AE 7] wfFo|ck M wat )
Qe Zhije| &) 2%t isoflavoned] ElIH =7} o} =

o> J

Table 6. Urinary daidzein and genistein excretion and recovery
rate

Day 1 Day 14 Day 28
Daidzein (mg/d) 580 £ 03" 672+04° 127 +0.1°
Recovery (%) 2791 £1.4 3232+ 18 -
Genistein (mg/d) 417 = 0.2° 509 05" 0.89 £0.1°
Recovery (%) 18.60 = 0.7 2273 +23 -

1) Mean =+ SE
2) Values with the different alphabets in the same row are signi-
ficantly different at p <0.05 by Duncan’s Muttiple Range fest
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