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ABSTRACT

This study was conducted longitudinally following the total lipid and cholesterol content,
fatty acids composition and Vitamin E content in human milk from 2-5 days to 12 weeks
postpartum ol 45 lactating Korean mothers. All samples were from well-defined subjects
and uniform collection procedures were used. Total lipid concentration increased from
1.98 g/dl at 2-5 days to 3.09 g/dl at 12 weeks posipartum. However, there was a large variation
in the concentration of total lipids. Total cholesterol concentration tended to decrease from
20.68 mg/dl at 2-5 days to 17.19 mg/dl at 12 weeks. In comparison with transitional and
mature milk, human colostrum was characterized by a lower percentage of saturated fatty
acids including medium chain length fatty acids and a higher percentage of monounsatura-
ted fatty acids and polyunsaturated fatty acids. Therefore. the P/S and M/S ratios of human
milk lipids decreased significantly during lactation. P/M/S ratio of colostrum changed from
0.38 © 0.84 - 1.00 at 2-5 days to 0.29 : 0.61 > 1.00 at 12 weeks of mature milk. Total tocopherol
concentration decreased significantly from 833 pg/dl at 2-5 days to 300 pg/dl at 12 weeks.

KEY WORDS : human milk - total lipid - total cholesterol - fatty acids * vitamin E.
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Table 1. General characteristics ol subjects

HAE AN - 3R
Ay W @

==

=
B AT g £HFEE F HBLE o] 2d

o B A4 g4
A% 242t 160cm, 5zkg°]3i°ﬂi A
F e AF Frhe HE 18kgol AT

TF A BE AF g g4 A A F59
(percent ideal body weight, PIBW)-2 96.6

oﬂm}m

(L A od |o of g

mo A
N,

Number of subjects=45

Lactating mother Meant SDV Range?
Age(yrs) 28.5+ 2.66 28— 36
Parity 1.3+ 0.52 1—- 3
Height(cm) 159.7% 2.73% 154 ~—166
Pre-pregnancy weight(kg) 51.8% 5.86 41— 67
PIBW®) 96.6+ 11.27 79— 126
BMI® 203+ 282 16— 27
Pregnancy weight gain(kg) 131+ 4.25 5~ 26
New born baby Boy Girl Total Standard®
Weight(kg) 8.40+0.37" 3.25% 0.5 3:34:% 0.37 8.40%
(2.7—4.0)% (2.7—4.0) (2.7—4.0) 5.247)
285 17 45
Length(cm) 50.97£21.6 49.75+ 2.15 50.55+ 2.2 51.40
(48.0—56.0) (44.0—55.0) (44.0—56.0) 50.50
27 15 42
Head circumference(cm) 54.85+1.91 38.75+1.25 34.18+£1.74 34.10
(31.0—57.0) (3%.0—56.0) (81.0—37.0) 35.50
15 6 21
Chest circumference(cm) 52.87+£1.71 32.85%1.13 32.86% 1.53 35.10
(29.5—56.0) (31.0—%4.0) {29.5—36.0) 52.70
15 6 2]

1) Meant standard devialion

2) Range(Minimum —Maximum)

8) % Ideal body weight
Ideal body weight(kg) =

{Height(cm) — 100} X 0.9

4) Body mass index=kg/m’
5) Number of subjects
“Standard value of Korean infant2®
1 6) Standard value for Boy
7Y Standard value for Girl
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Table 2. Total lipid and cholesierol concenrrations
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14402 (p<0.05) EF 33 H0 2T 9T ¢
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of human milk ar different stages of lactation

Stage of Total lipid* Total cholesterol Number
lactation (g/dl) (mg/dl) (mg/g lipid) of subjects

2) %)

2—5 days 1.98+0.75102 20.68+ §.48% 10.234 5.42# 40, 32

1 wk 2.52+0.93P 20.18+ 6.712 8.594 5.993b 42, 35

2 wks 2.87+0.85b 18.16+ 4,607 7.47 4.08b 38, 28

6 wks 2.68% 1.05P 18.11+ 7.674 6.84% 4.1220 29, 18

12 wks 3.09+ 1.54P 17.19+8.812 5.8441.82% 20, 10

1) Meanz Standard deviadon
2) Number of lipid sample
3) Number of cholesterol sample

1. a-b : Values with the same letter are not significantly different(p<0.05).

FE]

2. Variables containing

are significantly different over time within the subject(p<0.005).
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Fig. 1. Changes in total lipid concentration during
lactation.
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B)§o] 22.8~26.6% & 7} =4k laurie acid(C
12 1 0), myristic acid(C14 : 0), stearic acid(C18 ;
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Table 3. Relative composition of total fatty acids of human milk at different siages of lactation

Stage of lactation

2-5 days 1wk 2wks 6wks 12wks
(n=26)V (n=27) (n=27) (n=16) (n=10)
C6:.0 1.09+ 0.272) 1.041+0.85 1.00+ 0.33 0.88+0.33 0.86+0.18
cC8:o0 0.08% 0.03 0.08% 0.04 0.07+ 0.04 0.07+0.09 0.06% 0.06
Cl0:0 0.80£0.10 1.75£0.29 1.78%0.26 1.70£ 0.22 1.63+£0.23
Cl2:0 5.48£0.57 7.70% 2.36 7.95+2.13 8.60+ 0.61 8.53+£0.46
Cl4:0 5.66+0.87 8.22+ 1.86 §.11+ 1.64 8.37+ 0.64 8.69% 0.25
Cl16:0 26.61+1.37 23.52+1.52 24.22+ 1.38 23.47%1.05 22.77+ 2.37
Clg:0 5.26%0.97 5.10% 0.42 5.18%£0.35 5.06% 0.53 5.87%0.59
C20:0 0.41+£0.17 0.40+0.13 0.43%+0.15 0.46+0.10 0.46+ 0.09
Cl6:1 3.14+0.49 8.15x 0.37 3.04+0.14 2.90% 0.17 2.85+£0.24
C13:1 32.10+ 8.66 28.97+ 4.34 26.27+ 4.86 24.62% 4.10 25.871£ 4.36
c20:1 0.75%+0.09 0.44+ 0.09 0.29%0.27 0.20%+0.12 0.16+0.04
Cc22 11 0.05%0.02 0.04* 0.02 0.03%0.02 0.03+0.04 0.04£0.08
Cl8:2 10.38+ 0.90 9.84+ 0.85 10.544 0.80 10.56+ 0.94 11.78+ 3.18
Cc20:2 0.76+0.18 0.64*0.19 0.40+0.20 0.3+ 0.22 0.19£ 0.06
Cl8:3 0.32+£0.09 0.15+0.08 0.12+0.13 0.09+ 0.06 0.10x0.10
c20:3 0.76+0.17 0.67£0.32 0.43+0.19 0.32+0.19 0.15£ 0.04
C20:4 1.01£0.35 1.01+0.34 0.60£0.19 0.44% 0.15 0.38+0.15
c22:4 1.27+0.16 0.72+0.13 0.53£0.19 0.46+0.15 0.32+0.16
C20:5 0.46%£0.12 0.40£0.12 0.22+0.15 0.20% 0.20 0.12+0.07
c22:5 0.56+0.12 0.55+0.13 0.25+0.23 0.211+0.17 0.16+ 0.04
C22 [ 6 1.11£0.16 0.47+0.17 0.839+0.16 056+ 0.15 0.32+0.15

1) Number of subjects  2) Meanz Standard deviaton

Table 4. Various ratios of fatty acids contained in human milk

Stage of lactaiion

2-5days 1wk 2wks 6wks 12wks
(n=26)" (n=27) (n=27) {(n=16) (n=10)
Saturated™ 43.301 2,097% 47827468  48.75+ 4.56°  48.61% 1675  48.96+ 2,46
fatry acids
Monounsatura: .o oiiggsn  82.60+ 4450 2068+ 514 2776+ 08¢ 98.92+ 4.29°
ted fatty acids**
POWISMUIZ 10 oot 108 14t 14SD 19494136 15014167 18.92+ 8.53e
ted fauy acids*
P/S rario®)” 0.38+0.022 0.81% 0.07> 0.28+ 0.06¢ 0.27+0.04¢ 0.29+ 0.08b¢
M/§ ratio™” 0.84+0.142 0.70+£ 0.20b 0.62+ 0.19¢ 0.5740.10° 0.61+0.18¢
P/M/S ratio 0.38 1 0.8411.000.51 1 0.70 1 1.000.28 : 0.62 : 1.000.27 : 0.57 : 1.000.29 - 0.61 : 1.00
Total @9 82,91+ 5.672 29.45% 4 550 26.59+ 5.11¢ 24.86+ 4.17¢ 26.06+ 4.38¢
Total w6 1417+ 1.142 12,88+ 1.13% 12,50 0.93%  12,15+1.99%  13.04+ §.5]12bc
Total 3" 2.45+0.29° 1.56% 0.38¢ 0.99+ 061" 0.86+ 0.549 0.70% 0.14M
®5/w6 ratio™ 0.17+ 0.032 0.12+ 0.02° 0.88+ 0.04¢ 0.07+ 0.04¢ 0.05+ 0.01°

1) Number of subjects 2) Mean® Standard deviation
$) P/S : Polyunsaturated fatty acids/Saturated fatty acids
M/$  Monounsaturated fatty acids/Saturated fatty acids
P/M/S : Polyunsaturated fatty acids/Monounsaturated farty acids/Saturated fatry acids
4) Total ®9=cl8:1+C20:14+C22: 1
Total w6=cl8 : 24-C20; 2+ C20: 3+ C20: 4+C22 : 4
Total ®3=c18 1 3+C20: 5+C22:5+C22: 6
1. a-d | Values with the same letter are not significantly different(p<0.05).
2. Variables containing ‘*’ are significantly different over time within the subject.
»:p<0.05  *: p<0.005
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5.4% FHFFHAT. B AT NN 259 2T
% capric acid, lauric acid, myristic acid o] ¢}
HRo AafiAe o vl&) HAAsHA 2ok
or o]AL the A7 AFgE XY, o] =
Fr2d¢] alveolar cellof] 4] o] & At HA 59 o
o}Z &3] ZFo]AA g7 WEe|H, FH
71Zko] R oo wil FAe AFE FHel F
Aate Aoz Amdrh B o|F Al Aol
&G dAAE & HIE Ho|A gtenzg,
A9 g FHE o)A f @A F2olM A
ZrrolAe Aoz AlgEr.

Bgo 22 £ BXFAAe] AR
H &2 ddBZAtte] A9, 2HoA 36.1
%, o)FWEAA 82.6%°)QL, 2, 6, 1252 A&
oA 2tz 29.6, 27.8, 28.9% 2 jElytv) Z+
7174 Aol AHER, 2/ 2 oY fo B
XA v se tE Jad 25§94
el Aolg BAL, AEK T KeH<] ol 7t
fAoH, £ 7t wa foFoz ¥alst
AeH(p<0.005). 7t o|wje] W3} P4 135}
22 (p<0.001), 824 (p<C0.005)Q) ZHo 2 etyt

%
60
55 SFA 1

50H
45
404
354 MUFA 2
254

204 PUFA 3
1564 ‘\*\L—_‘}ﬁ—i
10
5
O T T T T T T
0 2 4 6 8 10 12

weeks postpartum
1. Saturated fauty acids(%)=43.71+3.95z— 0.60¢2+2.10E—03x*
(Adjusted R?=0.24)
2. Monounsaturated fatty acids(% )=36.14—4.44x+0.69x2—0.03
£ (Adjusted R?*=0.30)
3. Polyunsaturated fatty acids( %) =16.55—2.32x+0,40x2— 0.02¢*
(Adjusted R2=0.35)

Fig. 2. Changes in fatty acids composition during lac-
tation.

-HIEHRIE #EG A 23

T}H(Fig. 2).

FUEF AL} F oleic acid(C18 1 1)2] H]
0] 7HF 32, o)RL Bf{A G ge] £
sk Al ez Vel

THE XA AL 280 16.6%, o] B ol 14.4
ol 2, 6, 1259 H=foA 2 18.5%,
18.0, 18.9% 2 el &4 4 77tE2 &
Fst Abidel v g o] AolE HAHEY, i
ol freo] HEEFA DAL 1259 YH{FE A
A% BE 7179 #4F felFHA Aol B,
el Bl&dde fe39 AolE JERRA]
kv =3 £f A 7 wE feldez
A skekg] o.w (p<0.05), 23t} 3 A Q] Aoz
HE 5l Y (p<0.05). o|F 38x2419) regression
linee & FHP&H Fig. 29 Zr}

CHE F 3 R H) ZF ol 4] linoleic acid(C18 : 2) £]
BaFo] 9.8~11.8% 2 71 w3k, e FE9
FFol EAFA = 0-37) A4l EPA(C20
5)9 DHA(C22: 6)&= EF°1AM 72} 0.46% 9} 1.
%l 1258 AEfdMes 242 0.12% 9
0.32% o]glc}. wWalA = 2] EPAS} DHAS]

2 1259 A&l A9 kel wsted oF 34
o =2 Aoz e

EFo A 713 we B4R 949 linoleic acid=
S 7139 Ao wig} oldf dANA T
worot A Fotehs AL B, g8
Gibson?" &) A 7}7} 9 %) 8} 41t} Long®® o] oj 8},
A AE, % F 14U FQ AE Ao HA7)
2718 2w olUg gate Bul@x BoiE Al
A2 ujFo], linoleic acid?] #H3E tgo Hut
H o) 4] 4H7) AR Bg g o] o] Y&
DA ¢ A linoleic acid) 4% Aslz eItz
A2 BA 7L 2ol & %S FEEHA o]
A3 e F7lel vl linoleic acid 4 o] &
olA| A L o]Z 213t {F 9 linoleic acid T
Fo] Aed & AL AHET. B d7AA
TR B3 HFY 9G4 e AAER
wokot, AN AR giAdAES A% AA 3

= oA el A$ HA 1,500kcale] 3FE BHA
YveEltonZ, o)Hd 713 S ARAT & Jddn
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B BRfo X Fi5e AA g we 7b
FatAl S T3 e Awake YA o)A}
7FA)Z linoleic acide]t}, Z8E=E TWE =
Z linoleic acid= & & F8-2) 4|4} 4e &
Z ardde #0m 2 5 2. Guthrie
Ve 200 @A ®t} A nZQl FHFEC]
441 2] linoleic acid &8Fo] ek 2p)] =olA T
Badtgon, ofg Frle ulml HAldlA
A4 7829 AR F71 2 P/S(Polyunsaturated
fatty acids/Sawrated fatty acids) W)-&9] Z7}9}
#dA= o] gk AF s ] 54
AN M mh= ofn] 2o] HR-& wted o
1813 087t TR SA71ETY B+ F30%
183 0-37} ERAELR Yeh}z, AH7EF
Al ojn] o] HE-E wgste EPAsH
DHAS z4go] A et} B d7¢A 24
% EPAY] ¥ &S 2HdAAM < 05% 0|9
Aol A&gME 50% FE Fied P 0.2
%7203, DHAY 259 1.1%4 50% 3

5 Zade] 44flME B
3 1

(LY
o

a

o
&

]_

~

0

%, o

2

0.4% 4303},
AT AFE 2R AL

DHAg e ¥
oA, "= B XNEJA BRIA 0.1~02%
Hubs £ FFIYTIDI). ol SEta} A}

50| DHAR®O] ¥ SFE A AT A
#E2o) ua MR wo| HHAs: FAUE BA

AL AbF EHo, B dFol A ofo] B8 AAAdS
el As BRAT, 4 71t B¢ B S£H
o] A, 1Fo], FA T FFE YM&
H R 2% 43 ANAE Ff3a A
&7 2R Aukat 247t AR L A3 F
olth EF M FIE5L linoleic acide] 4 &7} 2o}
AW A 2378 alinolenic acid=2¥E DHAZL]
HAE A 5 Acke AT BHZ DIRo] B
W, 2% 295 L4o DHA 24 Folg
FEsE 89 2 $ i AAREAY.
#H, DHAE 27] 44718 5 2E€ §2
AAA, B FGFopst Q1F Fdole A 2
H R g7t9) t4te] € 32 ¢] o a-linclenic acid+
w-37 AuitolAwgk Fr =@ Fo "
DHARS] Zgo] EFFIIER EF9 ZA-d

RAAA 0-37
EPAS] B3-S AFBE 3. F, 714 274
o] A linolenic acid2 X E] DHAS &4 &%
=g, Heolz2H g 433 DHAY 4 #
E2A ¥ QXA de] dYgBhE Hux Yo,
53] Hsols 244 2329 DHA £3 o] n
k8t linolenic acidg® DHAE Rl 57 o]
ol B =, FdAe v&ols A Fo oF
8] DHA 77} A=y otn Bag Ao
35)

TR A4t P/S vE2 Zfe A 0.380] % 3,
ol frofl A 0.312 FAFH o, HEFol A% 0.
27~0.292 T2 Zradte GA4S B 7k
Aol 2fe ol fr 2 BRE HEfldE &
4H zkel7h AN, ol AR} 2, 659 HEH
ol e H el Aol7k YRen, =57 AP
wEt frojd oz sk Ao 2 vEhgttk(po.
05).

E5 Ak M/S v &2 E oA 0.84, o]
ol A 0.700] A2 &l A 0.57~0.620]
Rtk 717HE Aol AHEY, H&HH1Y M/S
H g0 gk fejH o Aol7t glAL 279 o3
Fre e 7139 @ Afol 8 Rk =3 29
P/M/S W]-&£& 0.88:0.84; 1.000]9 1 1252 A
efdMe 0291061 1.009] Aoz el

OB EFA g F 03 ADY A 2fd
2.45% 09 Zlo] A& A3y 1259 HHHol
A 0.70% 014, 7I1EEE 2529} 125, 659}
125A}o] 9] & felAnt FejFl Zelst LA
HA @sted, 717k wet foHo s WiEle
Aoz veEbgH(p<0.05).

w-6 AES) AL 2 f o=

longer chain X]9419)

14.17%, 125 9)

A& foE 13.04% 01T 71U RE 259t ol
W2 659 A%y 2 AR 6FY ef

Abolef gt fo]HQl 2ol E BPT Ff A 7171
0E oA dE e vEntA gglth
259 08/w6 HEL 1/4-1/10(0.25-0.1) 2 X
T u leud B dpd e olR o B
WERY 2R A 0.17, o] el A 0.120] 1, 2,
6, 1252 J&fAMeE 2 0.08, 0.07, 0.059]
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B4 $44 - Sd2dE -

gor, 7IERE JEH2AN o)l Hol
7 gRent 4 AAnNA A J1%E B 9
doz wakshe oz Uehdeh(p<0.005).

5. BRe| HIEID E ST #s

249 X444 vigd F vgd B F5E
Ff 71ZEE 24 10mlF pgo 2 AA At
(Table 5).

wee E w5 #2fox 24 10mlg 83.8
pge 2 7hd wska, A F4se ol
64.8ug, 2, 6, 125F9] A<Hol = zh2) 42.05, 56.02,
30.03pge 2 el F=f ZI7HEE 29 A
ol ¥4 A, 258 65, 679} 12529 H&
Frol A et F2] &l Ze)7} §l A o] A3t A
7NDEE fHQ Aolrt e, #4 A V)
Zte] 23 foHoz Wisle Aeg Vet
(p<C0.001). ou} &) W3} FiFe 121(p< 0.001) 2}
22 (p<C0.005) 2 0.2 H7F 4= g1v}(Fig. 3).

S gAd 2 veg Eg g e E Y
%“?‘%‘% A< FH ) ZAG 7= B2 ok
B AFA 2R F HE E FEE 25 100
mlg 2 -0 838ug, o] 3K 648uge] AL, 212
F0] A&goAE 421~300pge 2 uﬁ:?ﬁ]-"‘{f |
e RHygon, ol {EH R, Jansson =36)3)
Kobayashi 5%)¢] Ael FxolE thh z}e]7}
Rovt WEh gl BF FASIEL 79 4
EP“E FEE A5 veke 2.8 HokE,
= fEH2D 2.64, Jansson £%69] 2.8u) %

Table 5. Vitamin E concentration of human milk
at different stages of lactation
Vitamin E* (pg/10ml)
83.80% 2].792)¢

Stage of lactation
2— 5 days (n=25)1

1 wk (n=26) 64.80+ 22,190
2 wks (n=26) 42.05+ 11.76¢
6 wks (n=14) 36.02% 11.17¢

12 wks (n=10) 30.03+ 10.19%

1) Number of subjects

2) Meant Standard deviation

1. a-e ! Values with the same letter are not significa-
ntly different(p<0.05).

2. Variables containing ‘*’ are significantly different

over time within the subject(p<C0.001).

MIEE §37 AL 24

F Y8R gk, Kobayashi 5%7)9) 4,348 Bl e
groldrh

ZfelAY 52 ¥ERIE T&
Zfel 9l B-lipoproteind] 9]
E8 F2 Fre T J& A
o &, 44 @Yl A 5
RRAAA Zashed, olug 2 2
218] B MERIES) $E 29l ol o] 850l
Z2fd Mt 2L FRE FAA BE AAbetes
Aot =g AAgete] d HEIRIE FEE 0.4
mg/dl =)z 24 F 6Y olfiel] 1.0~1.5mg
/dle] o] medl=dl, ojv AlAelrt HE T
269 e HUE TFH BRY & A
vl Rad up glu}se), adEE 28= 4E
RE FFEozA Aol A W Fo8tw
Az,

4, 7} 71708 29 Y EYIE =9 24
24, linoleic acid, P/S H] g, T3 XHA 1)
HAZ XA v)g D e XA ]
Ho] g FAE B4 é_']' olal o] F A F
WEFRIE R ALO A AR fol 49l kel B
Hoq-rf’dt]-(r—-o 4107, p<{0.05). Jansson S-36)

4 F VENE FH 3D FAjol
’Q‘%?—l*lﬂﬂ R Asfel M FHaEA7} 3
Bysgen, SIS o 57ty @

o [lo
&
i
il
do
R
$
il

i..

n:]o "-‘{0

do 2 o aw
ﬂ!lo rlf ]“N'

~J
(&3]
ri

Vit E concentration (ug/10ml)
[e]
(@]

464
30
154
T3 3 i F o

weeks postpartum

Vitamin E(ug/10ml) =77.60— 13.93c+ 0852 (Adjusted RI=0.
47

Fig. 3. Changes in Vitamin E concentratica during
lactation.
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2 Aoz Ui 1L Heole Agfo 239
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ZHo A= 18.16~17.19mg/dlo) v}, 1g2] =
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cellol] 4 ol 5 A4 B4 S o) oA 2oiH A

orgtz] WEelth. Ed HAaf dAdME 2 d
g HolA] ¥omz {49 AW ’Wé“é‘
TEHE oldf A oM A TFoAT
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7l ARE B4t e FE9 &
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Frol A F0.5%0184 Aol JEFAME HT 0.2%
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