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Lipid Metabolism of Korean Breast-Fed and Formula-Fed Infants
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ABSTRACT

The difference in lipid metabolism between breast-fed(BF) and formula-fed(FF) infants
were studied in 31 Korean infants at 1, 2 and 3 months postpartum. The formulas had more
total lipids(TL), triglycerides(TG) and phospholipids and less cholesterol(CHOL) and free
fatty acids(FFA) than the breast milk. The milk consumption of the FF infants was significantly
greater than that of the BF infants with a wide individual variation. As a result, the FF infants
appeared to consume more TL, TG and PL and less CHOL and FFA than the BF infants
during 3 months. The lipid contents of the breast milk tended to decrease in due course of
lactation, therefore the intake of lipids of BF infants was reduced during the first three month
of lactation. The plasma TG and CHOL levels of infants at 3 month were not significantly
different between the BF and FF infants, but the PL level of the BF infants was higher than
that of the FF infants. The plasma levels of TG and CHOL were not significantly correlated
with the intakes of TL, TG, CHOL, PL and FFA, respectively. The PL level, however, was
positively correlaied with the intakes of CHOL and FFA, respectively and negatively correlated
with PL intake as well ag 18 : 2wo fatty acid content of the breast milk or the formulas. The
fecal weight and fecal loss of TL of thc FF infants were greater than those of the BF infants
during 3 months, however apparent lipids digestibility was not significantly different between
the BF and FF infants. The fecal excretions of CHOL and bile acids of FF infants were
substantialty higher than those of BF infants during 3 months. Net sterol balance showed
a particularly large difference between the BF and FF infants. The value of the net sterol
balance of the BF infants was negative, but that of the FF infants was positive. This study
shows that the consumption pattern of various lipid components of BF and FF infants were
different as a result of different lipid compositions between breast milk and formula. The
significanily lower sterol balance of the BF infants than the FF infants may have been derived
from the unique dietary characteristic of breast milk.

KEY WORDS ! infant - breast-fed - formula-led -« lipid - metabolism.

A 1994 594 20Y
2 dTE 2EH2 $9(R) BeEdedTa @7 A o8 £

— 429 —



BEfddotst AF P %ot AAAL

M =

SR HAA 2] fret7le 4FEe] 7 o
ol JA4F HR 2FHE dUANE §F
HF o) dH oz o9& A7) o). kA f-Fol
i ol LA gt e FFL o] A7Y
Aaeg AR T 223 AR oIt FFo TFE
iz HA g9tk § dudn f9 e v
28 43E $Fo] FAHY A FF2 Fd
A8l o 50%E A T3 AEe WelE U
BdtiE gV A XA g §F9 v A7t
£ 23 e o u5S 8 4 vk =3 2ol
Zo] A} o] o2 Q3 S FHE o] FE e
o|ghgo) FolX T o, o] Awe] o7 Al
AHE AFEE o] $4ddd AA M4 AP
A2 mFe] E 0 folrle dAsE XA
ZARG FAE FFeht 2 24 F folrle
A Aok Aol Fa% v|E Zethil § &
ek ol o] F 2 59 AF g oz}
3 =39 feld s 2e A7t sden, o
A% 2H9 S49 AE 248 FASRE AR
2L 2 ol Hltk: HIOF Tie £Hd
Ha] T2y E Fo] Bk V7o) AN
oh Zfo SHoHE g AR F54%
A2l BAgol mE Fob7lo] myelin 4o 87
e 29202y 278 22NUTE A
d2ulE EELT 48 2ed F Qoke A3
Fol Algtslo} TN, e} fote ¥ F7
2HE FEE F5Y TU2EE TR F¥L
2A e Aoz dEA don?, FEe 1812wb
o) P thstedE o] o] At Piccianos?
& FF 18l2wh o] woW B FH2HE
57t gokn d9.e), WoodruiS!We 27t B
ZAE 4SS EF FY2HS vESE
Fasttn vt

ool A AWE Hio} Fo] B, $F EBe =

WA o oEY AYF ol E oAb
BF ATE Ag g gl mekA B A7

NAE B EE fFold ZARFTE 3=
A1712 24 FRE sNLHEAA Y /G Golst
AFGfote] AAUALe Aol THE7] 95k
Ad JH%, 844 A4 5%, F44, gH2HE
2 HFEL EFD An 2HE IS A

A%
of et

1. 17 Chatxle] My gl s

AT A A Wge AR gon),
EAA) AFo] B HA S8R Aot} A
202 AZ) o) ie] gl dols A7 AR
shth AEFE A7 dAAE RRYST 99,
AFGUdT 2B MAET 88 NAFT 79, PAl
2 1oz & s319e)

2. 2% W TS HIY 2

EHFET Zf HAT B 2 F 1,2
g sAgEe 27 72/ Tt AFHAEE AF
Z719 (test weighing method) ¥ 0.2 A3 Qi
A ¢ (gram) ® Ao JAFHE B/ ¥FE
24t &3 B (m)E 4ttt AFdS
79 ZAEHF 439%e FHYH(direr measure-
ment method)» 2 2 &A3lct. 71ek A U
g2 HuWa} 2ot

3. 27 3 =HER AR MH H EH

B ARe 1, 2 2 g A3% 539
AlFEE 9 oF somle §52 AHAEHen, #
obg EALF AIEE AFAA HujsEE 3FM,
N 2 P9 AEFS T7YsAT 2&/g 2AEH
Alg 2T A AL E TA5 A —20°CH] RS
T4 AgE T o) ARy FAE B Fol-
ch ¥4 2]8] chloroform ; methanol(2 : 1, v/v)
EFedoz FF3o FF 23 AHFsACh
FAAY, JdAE 2 FY2HE FHE BLEE
ol g3t LaNA BFBwA(HP spectrophoto-
meter, Hewlett Packard Co., USA)E EFEE &
st} AFsArt. FElAga FFS Brunkst
Swanson §19¢] we} ®la) Ik



dAE - 5P

4 XY, TR, AN, BeAHE U 7
BIXlgN MAY NE
47 gaAel 19 BF £49, T4,
A7, FALAE L feAARL HAFE 24 F
12 % sA9Fe] A 72412 B B EE
ARG BAF 493 Th =B ZALH
$49 AY YE9 BAAZRE VEIAn.

5. ol AR x{F U 24

AT 327 3L H ERe o sAITE o)
ZB FgdA 50 dE AR BEH FARE
o] &3ted ¢ 1mle] FHL FFFQowmbDol &
o]gle 4Bl AHEHTE. AE FA] 4°Col A
1,000Xg2 3083t APAA EFe 32
B Basiel o] AREEAch AR, A
AR 2 FY2HE T T ZF € 2AREH
Age BN A&st S45 ez A3
A

6. O A2 AF = B

YR AEE G D ZAES H4IFL 2T
N7l & 24 F 1,2 2 NgE 42 7243t
ot wjdE opEE Wd BAV 2d F40e
Z g gl Fol A old 71 AL P ol
BEd 22 tdztA A sTAH}HE =9
stk FA FA ARAYL Eo02 £38 T
AsAZ] § 9AFS HEo F4 A7kA] -20
°cel] B@sIETh

2xd BFL Amena'§Od) w} FE A=
XA vl & A5 100 mgS chloroform : methanol
(1:1.2, w &% 8922 NFg F&354L add
dichromate reagentZ EHAIA 430 nmol A FF
55 2389 AT JAd Ad LEe>
T4 EE ZASFERE A FAHZAA
i Ee] £A RS Wil oS FAH YHFLE
Ve F 1002 Foh a&egch FH2EHE T
%& De HoffF!7¢] wo] i} FHFsAd. &
Folch9 e 2 A 2& F&3t1 APEA A (Triton
X10002 FEA7 F a4gd 8 AlgGE <
£3te] A A 500nmolA FFEE A FF

H2gE g AX NAFe] 7 E}T P

g g5 FEe F58 JFg FIAU F
AW w2 Aoko g @A 530 nmol| A
FR=s 9o F#Fegct Fn 2HE BIHL
2 S(ZH2HE 2 FF) jd ol A Fe
HE 47%FS WA IE33ch

7. SAHA

A7 Aol EAAEE SAS(statistical analysis
system) & o183t sttt 4 Ad¥T EE
Z} g=29) By TFAANE TP on, dET
2+ B gkel Aol Duncan’s muldple range testE
o] 43t p<0.05 Tl M FIHE AFAUT
AT gAre) A9 AHFH B A Fx A
olg] Az i $A4, Fe =S R HEY
v ) o] A4y A A4z 7he] AL Pearson’s
correlation coefficent2 ZAZF3Act =3 9=y
7t @& 9] HEFo| T linear regression equatong

T8t AZsrh

|
=

=)

1. 2% ¥ =HERe XE &

EfdgTe] 43 Zhof €9E X
AR, A, FH2HE B FE A
Table 13} Zgich F22 e 17847
2 2 s gHd e AFE BIov AA
o7} AN FAH fo4-e HolA Attt FA
geo] 7ba 2 AEE 1,2 F 3/EE A
5,268 mg/dl, 4,585 mg/dl & 4,220 mg/dI = 7H B2
e 29 N84 26~3.889) 23tHT &2
Apate ALz B4R, 9AE B FULHE
Sgr v FA4 g3t e AT Rt
sRLH AR Ha FAE, F4AL, AR, 2
gd2HE L #3 At %S A7 2,671.2mg
/dl, 2,304.0 mg/dl, 24.6 mg/dl, 16.5 mg/dl 3 299.4
mg/dlo] $ith.

AFFYTol AAS 3% ZALR A2 &
22 Table 29} 29t A4 §HFE N, P
MAF £28 gdon F47%, AAR R

R

et
R Koo off

i of

wo, g wd

— 431 —



B Gerst AFGgote) APrA}

Table 1. Contents of total lipids, triglycende, phospholipid, cholesterol and free fatty acid of the breast

milk
Stage of laciation(Months postpartum)
Ttem
1 2 3 Overall
mg/dl
Total lipids 81559+ 895.5%0 24957+ 974.6 2362.7% 1072.6* 2671.2+ 845.3
(2000.0—5262.8) (1607.0—4535.3) (1195.0—4219.7) (1195.0—5262.8)
TG 2757.0% 884 5% 21832+ 942.9% 1972.9+ 933.4° 2304.4% 806.0
(1656.7—4825.9) (1175.2—4106.5) (846.7—5590.1) (846.7~4825.9)
PL 29.1+ 96.7¢ 93.54  24.5° 215+ 20.1° 246+ 19.5
(79— 97.0) (95— 87.3) (78— 66.8) (78— 97.0)
CHOL 204+ 2342 1621 14.8% 128+ 4.6 1655 124
(8.5— 80.7) (71— 54.6) (8.1~ 21.8) (7.1— 80.7)
FFA 3428+ 70.6* 26¥.2+  58.1° 2947+ 112.9° 299.4% 635
(257.0~ 421.0) (184.7— 337.9) (174.7— 513.8) (174.7— 513.8)

1) Values are mean® standard deviation of mean.

Ranges are given in parentheses.

Values bearing the same superscripts a are not significantly different from those of 1, 2 and & months

of postpartumn, respcrljve]y(p<0.05)‘

Abbreviations. TG ; tmglyceride, PL 3 phospholipid, CHOL ; cholesterol, FFA ; free faiy aad
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Table 2. Conterts of total hpids, triglyceride, phos-
pholipid, cholesterol and free fatty acid of
the 3 infant’s formulas

Kind of formula

Item
M N P
mg/dll)

Total lipids 996.7 252 6 983.0
TG 212.1 257.8 217.4
PL 3.0 2.9 2.8
CHOL 0.7 0.6 0.6
FFA 10.8 10.6 11.9

mg/di2’

Total lipids 5283.0 3602.0 $324.0
TG 3022.5 $388.5 3097.5
PL 42.0 41.3 39.9
CHOL 9.6 8.8 9.1
FFA 154.2 150.6 168.9

1) Values are based on the dry weight of formulas.

9) Values are based on the volume of formulas con-
stituted with proper volume of water.
Abbreviations. TG ; wiglyceride, PL ; phospho-
lipid, CHOL: cholesterol, FFA ; free fatty acid
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Table 3. Daly intakes of milk volume, total lipids. triglyceride, phospholipid, cholesterol and free fatty acid

per infant
Item Age Breast-fed Formula-fed

(Months) M N P Sub-total
Milk volume 1 751.8+ 123.2P0 8256+ 38.5% 768.1% 70.7% 8350+ 58.97 810.3+ 63.82
consumed 2 697.1+ 112.4>  863.5+196.3% 9155+ 147.3° 935.6+-108.22 901.7+ 160.4°
(ml/day) 8 717.2% 142.6°  798.3%f 88.6® 897.2+1454* 9322+ 114.6° 867.6% 116.9°
Overall 720.1%+ 123.3>  839.7+103.4* 8514+ 110.2% 8933+ 7042 860.5% 94.9°

Total 1 248+ 918 267+ 12¢ 277+ 25 277+ 200 2753k |9
lipids p) 174+  63b 279+ 65 550+ 53°  31.0+ 3.6* 804% 5.9¢
(g/day) 3 18,5+ 10.8¢ 958+ 29" 3238% 52° 30.5% 24% 203+ 3.6
Overall 200+  6.9° 27.1%  8.1* 309+ 35.9° 297+ 22@ 290+ 3.1°
TG 1 917+ 8.8 250% 1.2% 260+t 262 259 2.0% 256+ 1.9%
(g/day) 2 152+  6.1b 26.1+ 6.4* 810+ 55 28.6% 367 28.5% 5.5°
3 155t  9.6° 241+ 29° 504+ 54 283+ 24% 275+ 447

Overall 173 6.4 2544 8.1* 291+ 4080 277+ 239%° 272+ 342
PL 1 255.24 224.2>  346.6% 17.3* $17.5% 51.5% 3532+ 254 335.0% 26.8%°
(mg/day) 2 147.1 1083  362.4% 88.1*° 378.2% 66.7* 372.5%f 46.7* 370.3% 67.32
8 181.9+ 19557 2351+ 40.9* 3707+ 65.8% 363.7%f 30.9% 3558% 46.9°
Overall 183.56% 134.5° 8524+ 4542 5544F 40.3% 3565 28.1° 354.3% 3382
CHOL 1 165.0% 190.22 79.3% 89° 676+ 67> 760+ 58  755% 7.8°
(mg/day) 2 103.6+ 63.5° 820+ 20.1*  80.6% 14.2°  §5.0% 106°  §2.9% 15.9¢
3 101.1+  52.9 76.7+ 9.2  79.0+ 14.0° 829+ 7.0° 79.6% 10.1*
Overall 1208+ 83.5% 806+ 9.9% 755+ 1058 813+ 64  794%  9.0%
FFA 1 2631.14 599.22  1273.2+ 634" 1156.7+114.9% 14104+ 107.4" 1279.8% 158.4°
(mg/day) 2 1845.9% 475.0% 18314%£323.6° 1378.8+243.0° 1576.8% 280.9%° 1426.8 + 274.4b
3 9965.1+ 1230.0¢  1231.11 147.57 1351.3+239.9P 1530.4+ 130.6° 1375.0+212.5°
Overall 22404+ 606.5* 1294.8+159.4" 1291.8+179.6" 1508.9+118.9" 13655+ 178.9°

1) Values are meant standard deviadon of mean.
Values bearing the same superscripts are not significantdy different from those of breasi-fed, M, N, P

and formulafed, respectvely(p<C0.05).

Abbreviadons. TG ; uiglyceride,
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PL : phospholipid, CHL ; cholesteral,

FFA ; free faity acid
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Table 4. Dally intakes of milk volume, energy, protein, lipid and lactose per kg of body weight of infant

Item Age Breast-fed Formula-fed

(Months) N P Sub-total
Milk volume 1 169.1+£ 27.8°0)  166.5+ 14.8>  161.74 208"  190.1+14.5%2  172.4%202%
consumed 2 1928.2+ 22.0P 189.64 40.0®  158.0+383.2% 158.9+17.97  149.8%+31.7%
(ml/day) 3 114.1+£159% 1107+ 192 1279+ 266 1542+ 9.6°  124.1+21.0%
Overall  1357x17.2" 141.8+23.4%  148.0+ 254% 161.0+11.9*  150.0%+21.7%
Energy 1 115.74 28 2¢ 142.4+ 1027 1388+ 133"  156.5£10.9% 1458+ 12.0%®
(kcal/kg/day) 2 721+ 156°  118.1+81.720  127.0£25.2¢  1308+13.7%  124.9%24.17
3 65.5+19.0P 93.6+15.1*  106.2+20.2* 1105+ 7.4%  103.3:% 14.9*
Overall 83.84 14.80 120.9+ 206> 1246+ 2022  132.6+10.6* 1258+17.82
Protein I 2.1+ 0.5 3.0+ 0.2k 2.4+ 03¢ 3.5+ 0382 3.0 03°
(g/kg/day) 2 14t 03° 2.5+ 0.7% 2.3+ 0.5° 2.9+ 0.8 2.6+ 0.5%
3 1.2+ o0.9c 2.0+ 0.3° 1.9+ 04b 2.5+ 022 2.1+ 0.8P
Overall 1.6+ 0.2° 2.6+ 04° 2.2+ 0.4b 3.0f 0.32 2.6+ 040
Lipid 1 54+ 2.0 5.4+ 042 58+ 0.77 6.3+ 042 58+ 0.52
(g/kg/day) p) 3.0+ 1.1P 4.5% 1.2 55+ 1.1° * 067 51+ 1.02
3 2.9+ 1.6° 3.6 0.6 4.6+ 0.9° 45+ 03% 492+ Q.7%
Overall 3.7+ 1.9¢ 4.6+ 082 53+ 1.0° + 0.5 51+ 082
Lactose 1 10.5% 172 3.0+ 0.6° 8.1+ 0.9" 8.8+ 0.6P 8.3t 0.7°
(g/kg/day) 9 8.0+ 1.4* 6.6+ 182 7.7% 1.5 7.4+ 0.82 7.2+ 1.5
] 7.2+ 0.92 53+ 0.9 6.4+ 1.9% 6.2+ 0.4 6.0 09"
Overall 8.6+ 1.12 6.8 1.2° 74% 1.3° 7.5+ 0.5P 7.2+ 1.0b

1) Values are mean+ standard deviadon of mean.

Values bearing the same superscripts are not significandy different from those

and formula-fed, respcctively(p<0.05).

of breastfed, M, N, P
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Table 5. Plasma levels of tnglycende, phospholipid and cholesterol of the subjects aged 3 months

Formula-fed

Itern Breast-fed M N b Sub-tomal
mg/dl
Triglyceride 1156+ 41.8°  118.6+ 37.5° 95.4% 49.7° 107.0% 43.7 107.0% 43.62
( 63.2—190.6) ( 58.2—169.2) ( 49.0—173.8) ( 33.2—165.6) ( 83.2—173.8)
Phospholipid =~ 203.4% 29.42 1708+ 204b¢  187.2% 18.6%  160.5% 10.0° 172.8+ 16.3>
(158.0—242.1)  (142.9—213.0)  (1508—206.2)  (157.0—1694)  (187.0—215.0)
Cholesterol 166.4% 3582 148.1% 24.0° 152.6% 22.42 150.9% 16.5° 150.5% 21.0°

(1209—2428)  (102.1—186.3)

(122.5—182.5) (129.3—180.1) (102.1—186.3)

1) Values are mcant standard deviation of mean.

Ranges are given in parentheses.

Values bearing the same superscripts are not significantly different from those of breast-fed, M, N, P

and formula-fed, respectively(p<(0.05).

Table 6. Correlation coefficients between the intakes of lipids and the levels of plasma lipids of all subjects

aged 3 months

Intake Milk
TL TG PL CHL FFA 18 .2 wb

Flasma TG NS NS NS NS NS NS
PL NS NS —0.54115%% 0.56961" 0.58947* —0.37070*

NS NS N5 NS NS NS

CHOL

NS=not significant, *p<C0.05, **p<C0.01

Abbreviations.
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Table 7. Feces weight, total lipids excretion and

dd& - A

E 3 9@y BFE RadygPic f2FA
g2okor] QAJFY YT Tt = Fojt Aol HYe
vl MAIFE] N 2 pAEFEC Ropth a2y
seFe = APT ol Fos Ao|E HolA
gk} ol g Az sNEFE AR HT FFA

apparent lipids digestibility

Age Forrnula-fed
Item Breast-fed
(Months) M N P Sub-total

Feces wt., 1 1.9+ 1.8%0 10.7+  5.7# 6.6 3.0 6.9+ 492 8.5+ 4.7%
dried 2 1.5+ 049° 6.6+ 2.02 3.8+ 1.1bc 45+ 3.8 504+ 272
(g/day) 8 8.7+ 3§48 42+ 182 3.5 1.3 42+ 112 40+ 147
Overall 2.3% 1.0° 6.3 2.5° 4.7+ 142 57+ 252 5.8 2.3

Total ]jpids .1 199.94 107.8P 927.8+ 502.4* 619.7+ 283.5% 587.3+31542 727.8% 599.5°
excrenon 2 146.5% 87.7¢ 63284 281.52 3750+ 12530 357.2+296.8° 459.0% 235.4%
(mg/day) 3 317.7% 294.62 403.9+167.8* 336.0+£116.0* 390.0:106.5*° 377.4%152.3%
Overall 222.1+103.1° 6%4.1+ 263.52 446.8+116.12 479.01 183.8* 526.0F 208.6%

Apparent 1 99.0+ 0.72 96.1+ 1.8° 977t 1.1% 979+ 1.0% 972+ 1.6
lipids 2 990+ 0.7° 97.5+ 0%b 93.8r 0.5 98.9% 0.7* 98.41x 0.9*
digestibility 3 976+ 1.6° 984+ 0.77 98.9t 0.5¢ 98.7+ (.42 98,7 0.6%
(%) Overall 93.7+f 0.6* 974+ 09° 985+ 0.6° 984F 06 98.0% 0.8%

1) Values are meant standard deviaton of mean.

Values bearing the same superscripts are not
and formula-fed, respectively(p<(0.05).

Table 8. Daily fecal excretions of bile acids and

significantly different from those of breastfed, M, N, P

cholesterol and net sterol balance

Irtem Age Breast-fed Formula-fed

(Months) M N P Sub-total
Cholesterol 1 7.9+ 9.7% 38.0+ 22.5° 3.8k 923.0°  38.0% 293  87.9% 28.5°
excretion 2 6.0+ 2.7° 27.8% 10.0¢ 214+ 87% 249+ 250*° 247% 16.0°
(mg/day) 3 107+  6.8° 181+ 6.8 172+ 7.6% 2l.ld 264 187% 592
Overall 78% 2.0b 97.94 11.4* 254+ 11.0*  31.0% 1512 278+ 121°
Bile acids 1 347+ 21.8° 240.1% 200.1> 13044 71.5% 117.3% 54.8% 1684+ 140.1%
excretion 2 27.5% 16.3¢ 179.84+ 26.5* 108.9+ 28.0° 965+ 90.2° 129.3%+ 66.9%
(mg/day) 3 59.6+ 61.12 1058+ 47.9°  98.0+ 542° 868t 253%  97.9% 37.0°
Overall  89.5+ 18.2° 163.0+ 48.8% 1156+ 39.9° 1057+% 25.7° 1299+ 45.9%
Net sterol 1 -121.1£204.9° 199.7+179.0°  99.6+ 91.1%  17.4%1159% 1142+ 151.1%
balance 2 -64.2+ §7.8° 150.5+ 3472 497+ 40.9%  333+108.9> 722+ 80.5%
3 -35.5+109.7° 472+ 53.0°  36.2+& 47.3° 253+ 30.8% 875+ 44.2°
Overall -80.3% 86.7" 98 0+ 82.9* 655+ 5128 25.1% 63.9% 647+ 7150

1) Values are meanz standard deviation of mean.
Values bearing the same superscripts are not significandy different from those of breast-fed, M, N, P

and formula-fed, respectively(p<0.05).
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