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Choline and Betaine Concentrations in Breast Milk of Korean Lactating Women and
the Choline and Betaine Intakes of Their Infants™

Jeong, Hanok - Suh, Yoonsuk - Chung, Young-Jin®
Department of Food and Nutrition, College of Human Ecology, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT

Most nutrients taken by pregnant women are secreted into their breast milk. Food contains choline together with
betaine, and in human body choline is oxidized to betaine which transfer methyl group. The aim of the study was to
estimate the concentrations of choline and betaine in breast milk of Korean lactating women and the choline and betaine
intakes of their infants. Total choline, free choline and betaine concentrations in breast milk of some lactating women
living in Daejon Metropolitan city were analyzed every month by using HPLC-MS and enzymatic method during the
first five months. Total choline concentrations of breast milks were 157.64 mg/L (1.52 mmol/L), 157.83 mg/L (1.52
mmol/L), 165.99 mg/L (1.60 mmol/L), 153.67 mg/L (1.48 mmol/L), 145.05 mg/L (1.39 mmol/L) by month after de-
livery for five months. The concentrations of total choline and free choline in breast milks were not significantly changed
for the five months while the betaine concentrations gradually decreased. Daily intake of total choline of the infants
appears to be adequate for the infant’s requirement according to the US DRI; 124.6 mg/d, 120.9 mg/d, 126.5 mg/d
104.1 mg/d from 2nd to Sth month after birth. Free choline and betaine intakes of the infants were not significantly
changed during the four months except showing decrease in betaine intake per kg body weight. Choline intakes of the
infants more correlated with choline concentrations of the breast milks (r=0.982, p = 0.000) than intake amount of the
breast milk (r=0.414, p = 0.028). These results suggest that the choline intake of Korean breast-fed infants appears to
be adequate and the intake could be affected by the choline concentration of the breast milk. (Korean J Nutr 2010; 43(6):

588~596)
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616 mL/d, 12~24712 549 mL/dZE A} 738kt 3
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Table 1. General characteristics of the subjects of lactating wo-
men and their infants

Lactating women Mean £ SD
Age (years) 30.7 £3.9
Height (cm) 162.8 + 5.5
Pregnant weight gain (kg) 13.7 £ 45
Parity (time) 1.7 +08

Their infants
Birth weight (kg) 3.5+ 0.4
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Table 2. The changes of mean concentrations of total choline, free choline and betaine of seven breast milks during the first five

months of lactation

) Month after birth b
Concentration Totalmean  p-value
1 2 3 4 5
Total mg/L 14503 + 79.77”  157.83 + 146.06 16599 + 87.07 153.67 + 7598 145.05 + 75.18 149.67 + 86.20 0.822
choline  mmol/L 139 +0.77 1.52 £ 1.40 1.60 + 0.84 1.48 £ 0.73 1.39 £ 0.72 1.44 + 0.83 '
Free mg/L 2496 £ 15.14 29.56 = 31.24 29.40 £ 15.42 23.41 £ 11.60 24.03 £ 9.58 25.68 £ 16.40 0837
choline  mmol/L 0.239 + 0.146 0.284 + 0.300 0.283 = 0.148 0.225 £ 0.111 0.231 = 0.092 0.247 £ 0.158 ’
Betaine mg/L 4.424 + 2016 3.442 + 2229 3.200 + 1.193 2.257 + 0.927 2.433 = 0.700 3.749 + 1.940 0.001
| .|
mmol/L 0.038 + 0.018 0.033 + 0.021 0.031 = 0.011 0.022 = 0.009 0.020 =0.010 0.033 = 0.017
1) Kruskal-Wallis test  2) Mean =+ SD
o 145.05 mg/L. (1.39 mmol/L)|3iet. #R7|17MEZ & Z
c wol ’ 2 T 3EA 7PY =1 570l TP e AEES
[0)
S8 ol . nglont, f1Hel Aol vehi g
5t _ _
58E a0l i . : H : T ML SRR A5 e fElE TRe
,9 [} __——-7——'5'——7—--__4.
© 100 |- f i : : . 178l 24.96 mg/L (0.239 mmol/L), 27§€ 29.56 mg/
ol L (0.284 mmol/L), 370¥ 29.40 mg/L (0.283 mmol/L),
100 . 4709 23.41 mg/L (0.225 mmol/L), 5712 24.03 mg/L
0§ 8F (0.259 mmol/L) oI3{e}. =7 7HE= #2143l 2jol5 X
=% 5 o) A
c+§, €0 |- . . o|7] oFgtar, kAo ® F Wish= §lgloy 4~571E5E
Be” o S o | Hashe A% Rl
Tt 3 I — - . :
|- e _’ =
® i X : i : i ALE SR AE HER e S 1ol
o 4.424 mg/L (0.038 mmol/L), 271 3.442 mg/L (0.033
5 or . mmol/L), 372 3.200 mg/L (0.031 mmol/L), 471€ 2.257
— &r : mg/L (0.022 mmol/L), 5712 2.433 mg/L. (0.020 gmol/
- I : Lelgieh. S+ 1RgA] f59) wekl $57b b %
2 r — - . 9, 717k0] A4S §olH o 7HaEIST} (p<0.05).
o j | | T | Fore| MAHIZA|
0 ! 2 3 4 5 oJole] &AM Al AlFE2 3.5 kgolH, H4 2.8 kg, Hl 3.8
Lactation (months) kgl 2 dpdol BT Al Held &3kt €5 o

Fig. 1. The changes of total choline, free choline and betaine
concentration of seven individual breast milks during the firrst
five months of lactation. The number of the subjects for the 1st
month was thirty-six and the number of the subjects for the rest
of months was all seven.
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Axkst A3} 270198 19.76 mg/kg, 3701€ 16.67 mg/kg, 4
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ke e Ba S7RE Aol o] Zith

p= b
gory 7= 22 HAT

TP gote] 19 el F9 AFHZS Table 49
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o} Zo] FR7IZE ATl wpet HAp sk AEE B
o FAKCE F29l Atoli= Atk Fotke] AlF kg
I FEER AFEE 270€ 3.85 mg/ke, 371€ 2.97
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Fig. 2. Breast milk intake itself and adjusted by kg body weight of
the infants from 2nd to 5th month after birth.

Table 3. The changes of anthropomriric characteristics of the infants during the first five months after birth

Months after birth
Total mean F-value
1 2 3 4
Weight (kg) 49 £ 04" 62+06”% 73+07° 79+08°¢ 83+08° 69+ 1.4 26.48"*
Height (cm) 563+ 1.7° 604+ 3.1° 641 +22° 664+ 1.6 683+ 28° 63.1 + 4.9 28.10"*
Head circumference (cm)  38.0 £ 0.8° 400+ 1.1° 410+ 14 419 +13° 434+08° 40.9 + 2.1 22.50™*
Chest circumference (cm)  39.1 £ 2.9° 421 £ 1.7° 443 £20° 444+ 13° 457 +1.7° 43.1 +30 11.60"**

1) Mean + SD
by Duncan’s Multiple Range Test
w40 0 <0.001

2) Means with different letters within a row are significantly different from each other at p <0.05 as determined

Table 4. Daily intake of total choline, free choline and betaine of the infants and the adjusted intake by their body weight and the
percentage of free choline to total choline from 2nd to 5th month after birth

Months after birth

Totalmean  p-value”
2 3 4 5
Total (mg/d) 124.61 + 138.54” 120.90 + 56.99 126.50 + 77.94 104.09 + 59.11 119.03 + 84.82  0.765
choline intake (mg/kg/d)  19.76 + 21.48 16.67 + 804 1614+ 994 1280+ 7.47 1634+ 1255 0.906
Free (mg/d) 24.15 + 30.08 2157 £10.82 1935+ 12.11 17.10 + 7.68 20.54+ 1673 0.826
choline intake (mg/kg/d) 3.85 + 4.68 297+ 152 247+ 155 208+ 094 284+ 256 0.708
Betaine intake (mg/d) 3.12 + 2.54 282+ 152 210+ 1.10 1.83% 042 249+ 1.2 0394
(mg/kg/d) 0.50 + 0.39 039+ 021 027+ 0.14 022+ 005 035+ 025 0.054
Percentage of free (%) 18.20 + 4.24 1773+ 193 1525+ 0.54 1813+ 558 1733 £ 3.5 0.230
choline/total choline
1) Kruskal-Wallis test  2) Mean + SD



80.00

60.00

40.00

y =0.1453x = 0.9517

r=0.982 (p=0.000)
20.00

Total choline intake of the infants (mg/D)

0 100 200 300 400 500

Total choline concentration of breast milk (mg/L)

Fig. 3. The relationship between total choline concentration of
breast milks and total choline intakes of the infants.
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Fig. 4. The relationship between total choline intake and breast
milk intake of the infants.
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370 7.3 £ 0.7 kg, 47§€ 7.9 = 0.8 kg, 571€¥ 8.3 £
0.8 kgollth A1&% 56.3 + 1.7 cm, 60.3 + 3.1 cm,
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Qro] i 33l E «] T FH 75
7+ 1.35 mmol/Le]$12™, Holmes 52& 24 5 354
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xmol/L), 11~20<e]] 8.8 = 2.2 mg/dL. (846.2 xmol/
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o AvHr} = ele] AP Rrk= 40~

+ 50 percentile ©]

o Olﬂ

i

/KZO]:J—L
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60% Y% & oItk 2 dbdAlE ol & e 2
el 2 57} 4,540.8 pmol/LE THE
& S Blou) o] Afelle] <

259 78 2 selx= 80t Zeisel 52 A
T G- 717%el| Wl 7] ZHE A5l 89.9 £ 75 4
mol/L, 7] Fx1kell 73.0 + 6.7 pmol/L, S77] F4lo]
85.3 £ 6.7 #mol/L°]%l1, Holmes-McNary MQ 2] <1
TN 27] FARE A9 2] F9 98 £ 45 pmol/L

olar, w7 &4k ) 116 + 22 pmol/Lorta s3It}

Holmes 59 A7 elM 4 2~6Y #5 4% 0.11
+ 0.02 mmol/L, 7~22¢ 0.21 £ 0.05 mmol/L°]3,
llcol 5 F52 FElFd $27t 249 49 132 +
21 pmol/LolQal, 6 12~28Ye) 299 + 36 pmol/L,
75~90efl= 286 + 21 pmol/L, 165~180¥f+= 132
+ 15 pmol/L (5+F12~180¥9] H+F F&+= 128 £ 10
pmol/L) 2 YeRY AR elA 171€7 fe8d 5%
7} 345 STkl 2~370E o] FHE = fAhdss 4
ThE BRI 2 e el el S s v Ui
AHE S7dste] 1712 o]xe] el & 7 $IXIRE 0.259
mmol/L (24.0 mg/L) ~0.284 mmol/L (29.6 mg/L) 2]
2 YRt Ticol 5772 ARel fARE $5908 Bk
1214 Holmes-McNarry'” o]t} Holmes 5272] Ax}xwth
= APo)a, Zeisel™ o] Ayl Blw S wiL} Fischer
57 F¥ RFE v g2 7] 559 fEEY 5.
83 nmol/mL2} Hlwahd o] 83 pmol/Le} FUsEE
2 ARt 752 fElEd w0t 3l TFE =2
O % PJrhdch

2 TR f5C) WER] s5E Sakamoto 577 U
T 10788 o= A ERF & 7Y f52
WER] % 0.43 + 0.09 mg/dL (0.30~0.61 me/dL) %
Hlwal] Boks wf 2 Akl iRk 108 f5<] wiER]
FES} vt FEo R ER E AT i e
5 57t ol ¥ SRl HlEIA s o B 0
2 Rtk Fischer 579 T3 HEFE W k2 $lokr
o] 59 HlEle] F5+ 7.0 nmol/mLE ©]+= 7.0 pmol/
L} 53t shgfo|m g B Ao X 9] 2.3~4.3 pmol/L
(2.26~4.44 mg/L) ¥} v 3] & v 2 A= o]5<] 30~
60%HEE B Folqith g SR wERlS
AT Zeisel 577 Haro|A] HE ol A vk A -H
2] 100 g & HElQ! $H=F 0.54 mgoll B E oFF W
Froltt.

TRZIPE Fote] = AHB a1 270del 7711

+ 212.2 mL/d, 378€°l 792.0 + 254.4 mL/d, 4719l
796.5 = 211.9 mL/d, 571€ell= 711.0 + 85.7 mL/d=
HF 767.6 mL/do]3lt). o) =il FUF V=R A
g3t QlE 0~671E o] BfAFZ 719! 750 mL
off ulaf oft =2 FFolut, dA| vsrolu Ui Jole]
EAAF S 71521 780 mLel HlaiAE we otk
Keum¥} Kim'"2] A4 1701€4 603 g/d, 271€A
603 g/d, 3/MEA 715 g/dZ & g FoloA 2] 2~571
7S] i AFEe] 3dd] B e Helth
3t Lee 5779 AelME oote] B AFHS 171€e
751.8 mL/d, 2702l 697.1 mL/d, 37§€el 717.2 mL/d
2 2 Ay ujg)] oA w2 FFolglon, g Wl
Az vlsest AES ®ick ey 4812 = Joks o
7FoE AT 2L 107187 BAAFE e
HAE Z2ARE TATolA] A 3~471E HolellA] 824
g EAAHEE Hasle] B 3~471Y ol AHF
=& dslstar ok T3k Leest Kim™ <] a5t 17
Dol 549 g/d, 2704ell 718 g/d, 370l 731 g/d, 4712
o 746 g/d, 570€l 769 g/dE FH717r ZAutel wet Ay
5L Al ok e 2 At AatelM s 57
LAl ezt AT Holu, 2701ERE 5/E7A ] 7]
78 FEAFE 2491 Aol YEREA] oottt

oJote] & Fal AL 2/1€Y 124.61 + 138.54 mg/d,
370€ 120.90 + 56.99 mg/d, 4702 126.50 + 77.94
mg/d, 571 104.09 + 59.11 mg/do]git}. ¥ GJolrhat
A1) 2~571E3e] Hat ARS8l A7 119.02 my/
d2A, 57 57024 AF el Aashs ¢S B ®
"53] 0~671€ gote] F3 FRAFHF (AD17)Ql 125
mg/dell Hw g wf A2 FEAFHF S5 dFs 9l
ol B Qi) QGote] F Fd AF ] ot 2~41€E
of vlall 4 571l AHEe] WA vEhd olf= =4
$ 5/l BA olQlel| o] f124]2] AdFH 7T AlRER=E Al
710 iEo 2 5l & 4 vk Zev o)A o= A
she 2 BAF ¢ et xR AYE &
Ack Fote] AF kg T AFFES Tt 2 A
it 18.23 mg/kgo® VFERY w]=e] 0~671€ Yote] &
AR (ADS dAFZd o= Yehd 7]+ gk 18 mg/
kgAlsT AR o) Slth,

Jotel fl Fd AFHE FRVIZE Aol wEk Mk
Aadhe AEgE UehIgle, AlS ked AFF] Ay
T olg} ALtk ofote] wiEkel AdFH felE A
o] 1/5~1/1057F0 % Sk=t] A% kgd & =9 A
AR 7 2P9] Aol wet o3 o FhAasigich

A



okero} (Fy THoRE AAEHX B
52 & Y sk dote] F FH AHH el
0.982 (p = 0.000) & 73t ko] AhAE Rolek FEst
AJolo] & I AFH 2H AFF Wl r =04

(p = 0.028) & At sl vlair= oFs
JAAIE BTk o] 24 YJole
& = T okl F FH AFF 9 9T v

(e}

oajet Abz )

e {0 o
S~
:
o
3
x
o
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o
1o
o
0,

4 ol
S

ol wA7] ko] FofstEE AEL] T T St
o] ohe} HlERl FE s aEstelof sttt WA
2 AFelME FR7IPE 52 T 29, Y E9 )
Elele] WslEs xAlelual akgith LC-MSHHS Alga)
of T el FHH WER] w25 At ot
3 wERIS] HHYEHE Lotrat SF3ith

) 279 & 29 o 7 3 17124 145.03 mg/L
(1.39 mmol/L), 2704 157.83 mg/L. (1.52 mmol/L),
3704 165.99 mg/L (1.60 mmol/L), 470&€4] 153.67
mg/L (1.48 mmol/L), 57F€4] 145.05 mg/L (1.39 mmol/
Lolgieh B2 f2 9 skt 7 /1€ 24.96 mg/
L (0.239 mmol/L), 271¥ 29.56 mg/L (0.284 mmol/L),
370 29.40 mg/L (0.283 mmol/L), 47§€ 23.41 mg/L
(0.225 mmol/L), 571€¥ 24.03 mg/L (0.231 mmol/L) =
el wet & Aol Gl 2] WER] sEe
I 171120l 4.424 mg/L. (0.038 mmol/L), 270¢¥ 3.442
mg/L (0.033 mmol/L), 371 3.200 mg/L (0.031 mmol/
L), 47} 2.257 mg/L (0.022 mmol/L), 571€ 2.433 mg/
L (0.020 gzmol/L) o]t}

2) IR Gotel f= AFFE 271€e] 771.1 mL/
d, 370l 792.0 mL/d, 47§ 796.5 mL/d, 571l
711.0 mL/d®]%iTh

3) QGotol T Fd AFHE 271€ 124.61 mg/d, 3/M€
120.90 mg/d, 4702 126.50 mg/d, 57§€ 104.09 mg/d
2 N7 2 st glolod A% Suidel A 7

3+t 9F8} 3] X (Korean J Nutr) 2010; 43(6): 588~596 /595

2R Aotk Fote] AT ked F T AT 2
A€ 19.76 mg/d, 3702 16.67 mg/d, 4701€ 16.14 mg/d,
5702 12.80 mg/de]iTh

4) oJote] FElEd AdFHFEE 2711€ 24.15 mg/d, 37/0€E
21.57 mg/d, 4702 19.35 mg/d, 57 17.10 mg/d°]}
I, AR G490 Aol fidloy Haf k4]
= Aok golo AT ked FElFH AT 270
€ 3.85 mg/d, 371€ 2.97 mg/d, 471€ 2.47 mg/d, 570
€ 2.08 mg/de]3iTh

5) Jote] HeRR] A 27149 3.12 mg/d, 3718 2.82
mg/d, 4712 2.10 mg/d, 571 1.83 mg/d= =7}
AR AES Bk ot AlF kg WER] AF =
270€ 0.50 mg/ d, 3712 0.39 mg/d, 471€ 0.27 mg/d, 5
712 0.22 mg/de]glth.

6) Qoto] Ful dF=e B Fahekr = 0.982
(p = 0.000), EAEFAFT=r = 0414 (p = 0.028) =
FrolAQl Fe] FAIAIE BT

ol ATARZRE el FHF A5 T F
o} fElEdEEs 9 S fasel vlsl
A ok f5olr) o] & QlEl] Jote] FH AFT
ZoHA] ok AoR AlmEh gSo] ot FF
2 B AFEEG 250 3 s 9 %
HHAE e ez BRe] F9srt ot

O

Aol G 1A 5 9 e wolrk
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