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ABSTRACT

The most abundant long-chain polyunsaturated fatty acid in brain lipids is docosahexaenoic
acid(C22 : 6 N-3, DHA). It is incorporated into nerve tissues mostly in utero and during the
first year of life. DHA in brain is derived from cither pre-formed DHA in human milk or by in-
fant hepatic synthesis from linolenic acid in milk. This study was designed to investigate the ef-
fects of DHA supplementation on fatty acid profiles in maternal plasma lipid and breast milk.
Twenty lactating women participated in the study. Seven women took 3g of fish oil per day
and vitamin E for 28 days starting from the day of giving birth. Five women consumed 1.5g of
fish oil as well as vitamin E, and the rest took vitamin E supplements for the same period of
time. Dietary questionnaires and 3 consecutive 24-h recalls were collected to evaluate their nu-
tritional status and food habits. Finding that DHA intake from fish was not significantly dif-
ferent among three experimental groups, the partcipants were instructed to continue eating
their usual home diets. Milk samples were taken on the day of giving birth, as well as the 7th,
14th and 28th days, the last day being the supplement phase, and finally 2 weeks after the ces-
sation of DHA supplements. The amounts of the fish oil supplements produced significant dose-
dependent increases in the DHA content of milk and plasma, but to a lesser degree. Base-line
DHA level in milk were 0.59 £ 0.05% of total fatty acids. Three g/day of fish oil supplements
for 28 days raised the level to 2.05 + 0.43% and 1.5g/day supplements produced DHA levels
of 1.02 + 0.19%. The results of this study indicated that relatively small amount of dictary
DHA supplementation significantly elevats DHA content in milk. This would clearly elevate the
infant's DHA intake which in turn may have implications for the infant's brain development.
(Korean J Nutrition 29(2) : 213~222, 1996)
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Table 2. Average nutrient intakes of the subjects by groups
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Table 1. General characteristics of subjects(N=14)

Characteristics Mean + SD
Age(yrs) 27.7 £33
Pre-pregancy wtikg) 58.7 + 4.7
Gestational length(wks)' 392+ 26
Pregancy wt gain(kg) 15.6 £ 4.7
Birth weight(kg) 3303

Values are the mean + standard deviation

Nutrients Control" 1/2 DHA DHA

Calorie(Kcal) 2344 4 977 2408 + 117 2204 + 85
Protein(g) 924+ 58 999 + 7.7 93.9 + 5.0
Fat(g) 459 + 4.9 50.0 + 6.2 447 + 42
Carbohydrate(g) 405 + 16 401 + 14 370 + 13
Vitamin A(RE) 902 + 114 1012 £ 113 861 + 84
Vitamin C(mg) 196 + 22 158 + 16 175 + 20
Vitamin By(mg) 1.1 £ 0.1 1.3+0.1 1.2+ 0.1
Vitamin B,(mg) 1.5+0.1 1.3+ 0.1 13+ 0.1
Calcium(mg) 981 + 70 941 + 74 927 + 49
Iron(mg) 14.7 + 0.9 157 + 1.3 145 £ 1.0

1) Control : Group without fish oil supplementation
1/2 DHA : Group with 1.5g of fish oil supplementation
DHA : Group with 3.0g of fish oil supplementation

2) Values are mean = standard error of mean
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Table 3. Average fatty acids intakes of the subjects by groups

Nutrients Control” 1/2 DHA DHA
Lipid(g) 46.1 + 6.07 494 +9.2 411 +£52
TFA(g) 409 £ 5.3 429+ 7.7 365+ 47
SFA(g) 16.5 £ 2.1 165 £ 27 148+ 19
MUFA(g) 15.7 + 2.8 17.6 + 4.8 13.7 £23
PUFA(g) 8.5+08 97+ 13 8.6+09
LA(mg) 7562 =770 7694 + 1073 7176 = 758
LNA(mg) 454 + 67 701 £ 170 566 + 68
AA(mg) 76 £ 13 124 +£ 19 84 + 15
EPA(mg) 180 + 29 274 + 87 244 + 60
DHA(mg) 227 + 38 416 £ 120 372 £ 90
P/S 0.5/1.0 0.6/1.0 0.6/1.0
N6/N3 7.311.0 5.2/1.0 5.7/1.0
1) control : Group without fish oil supplementation

1/2 DHA : Group with 1.5g of fish oil supplementation
DHA : Group with 3.0g of fish oil supplementation
2) Values are mean =+ standard error of mean

Vitamin

Nutrients

Vitamin B
Vitamin B2E
Niacin B

Ascorbic

T
150

T
100
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0 50 200

Fig. 1. Comparision of nutrient .intakes during lactation
with RDA".

1) Recommended Dietary Allowances for Koreans
6th Ed, 1995
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Table 4. Content of lipids of maternal plasma and breast milk with and without fish oil supplementation for 28 days

Control"” DHA 1/2 DHA
Meternal Plasma

Total lipid(mg/d) 630.6 =+ 34.1% 6421 +37.6 602.2 + 154
Total cholesterol(mg/dI) 181.2 + 109 2029 + 227 1854 + 823
Triglyceride(mg/d)) 2132 +£293 2437 +18.8 1889 + 9.7
Phospholipid(mg/d)) 1450 + 7.1 1303 + 1.3 1306 + 26
Breast mitk
Total lipid{g/dl) 491 + 0.50 385+ 1.21 3.96 + 0.78
Total cholesterol(mg/dl) 8.96 + 0.39 9.19 + 0.91 9.49 + 1.18
Triglyceride(mg/d]) 4321 + 520 3181 + 1051 3197 + 642
Phospholipid(mg/d|) 188 + 141 163 + 0.52 174 + 132
1) Control : Group without fish oil supplementation

1/2 DHA : Group with 1.5g of fish oil supplementation
DHA : Group with 3.0g of fish oil supplementation
2) Values are mean = standard error of mean
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Table 5. Plasma fatty acid profile in lactating women before and after fish oil supplementation
Fatty Before(1-day)” After(28-dya) P-value
acid Control” 1/2 DHA DHA Control 1/2 DHA DHA Time Time x Group
% % % % %

c12:0 021 £003° 052+021* 018+002° 030+004 0441006 035%0.03 0.0255 NS
cl4:0 1.65 £ 0.17 1874£032 134+£020 178£005 1934047 2651089 NS NS
c16:0 29.72+071 2991 +133 29074077 2750+094 2829+199 26154093 NS NS
clo:1 3.75+027 3224005 2774030 4374052 3174019 271 +£037 NS NS
c18:0 6.16 £ 0.23*  6.69 £ 0.91 588 +023 872+012 703+037 807 £020' 0.0003 NS
cl8:1 1880 +£0.89 19.82+1.05 1777+069 2070+1.10 19.69+0.28 1591 £ 062 NS NS
cl8:2 2538+095 25621172 2737+£083 2163+240 2422+033 249+142 0.0132 NS
cl8:3 091 £0.22 278 £1.71 068 004 116050 084011 0.59 £ 0.18 NS NS
20:4 5.26 £ 0.58 471 + 0.1 555+042 616+ 081 5411003 684x036 NS NS
c20:5 0.86 +0.20 069+025 0724016 1.05£017 095+£030 241 +07 NS NS
c22:6 315+ 025% 261 +010° 36710182 2724+021° 374+ 040° 5484053 00270 0.0448

1) Before : before fish oil supplementation,

2) Control : Group without fish oil supplementation,
DHA : Group with 3.0g of fish oil supplementation

Expressed as relative % of total fatty acids.

Values are Mean +SE.

After : after fish oil supplementation
1/2 DHA : Group with 1.5g of fish oli supplementation

Mean with the different alphabets in the same row are significantly different between groups at p < 0.05.
Means with the different numbers in the same row are significantly different within group at p < 0.05.

[ Before fish oil supplement
BEE8 After fish oil supplement

*

6.0

4.0

% of total fatty acid

2.0

Control 1/2 DHA DHA

Fig. 2. Plasma DHA in lactation women supplemented
with fish oil after childbrith.
1/2 DHA : Group with 1.5g of fish oil supplement
DHA : Group with 3.0g of fish oil supplement
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Fig. 3. Change of DHA content in breast milk of lactating
women supplemnted with fish oil.
1/2 DHA : Group with 1.5g of fish oil supplememt
DHA : Group with 3.0g of fish oil supplememt
1 : Discontinuance of fish oil supplement

Z 02 Fol A HFER] o2 ol vlE 1
AAUA =A vEREeH, F 2894 0l=
0.59 +0.06%, o4 1.5g B.&olA] 1.02
%, 13831 o] 3.0g EETAA 2.05+0.43%
. 0171‘5 3.0g A3 DHAT o] T2 S Fol 13
ful DHA ko] -2 A =4 el
3 o] f HHE F93 255 77 42949 B4
Ul DHA @eke dizgoAM 0.67+0.08%, ol 1.5¢g
HEFA] 0.67+0.11%, —L8)3 oF 3.0g BETl
A 0.83 % 0.04% 2R Al 77t F-229) =pol7t U

2

AT

g uE W

o
S

%nku|+£u
”jé
RN

on, olRE HE W] o]H Y FFEOR HEMT
1% 9 28

m.
=t
o

JEYA AP ABE o Fxd et
A4 R slez & eﬁ 2% Jehth, 47113
AR R

ER
A% ARG 6199 12% A

E ol A5 Zaa glglch M3 Gl T
gdoz wildo] £ A9 16%, Ade] 18%, 1
93 BHo] 67% tEht AR Skl 93
I = EF 7N 15120 - 659} HlwEbH AY
AV AR UERT 2o 5 SRS T
2 8 A7 A9} uas) B ouXe] HAFEe B
Aol wistor), 2 A ol veht, Aol
o 4
}1\_]:
B

& F A 9%a 3147} Aol 8lx, &

o 4 Aol woiPn . 8 3 =y
o% & HEYNS QAR s
22 u]iz}oq ke s 43 Yt v

R
%A S e

29(2) : 213~222, 1996 /219

-{o

o
o
o3
sy
i
off
t
Lo
2,
ot
ot

U oy @F A4 FEE UA iy

AgS Yt Harris®59 dFdxe 4 A
A FX7t A AAAENA F AFY 40%7] A%
9l 2o|& & Fof| o] §2 4537 BE A7) B A4}
FRE 243 4y, 9 ST s FUAHE
S} 33%, 14% 42 744 ARE Huslgrh &
3 o] FR o] 23 AA A AT A2 F = IAES
R A o] #A, Phllhpson27 59 Al 9jstd
SANALE SR A AFE BRFAASH, FHAE
o] 61.7%\ Z2HAT £ o3 Aol F A2
Aagdrt JegA] g2 olfe AFdldAl i

o] AR A Tt AAeToldla, A A&t F
ko] 20% v|rom AHhe] A7} efel ol Hls) ¥
2 FFoQon ojfe] HEE Jg Vo R THE AF
of vl Lok o BEFUA & A Aoz
Alg g},

59 AR g A uhet st #lolE e
YEd], o] o]n] Michaelsen®%9l| &) NA= u}
Atk 2 AFoME B A el A Az 2 2}
olE HYloH, ol Bf AEF /MY Wit A5, o
7] 291 3k 414 W) wFo i,

A o] Alo] zAo] B9 AHAl HEl S A4 st}
£ Thiemich®9] Hx 2115 2o A7) o8] &<y
ALt & R Mg IS F AY, 1F, A%
&, ARY ALEA YR1E0] B ARl 9%E v
A3 oyt FARRE A Hol|A] Alggo] Hlsgh AhRe]
A9, gl Al 24 Ao AAT Aoz ek
o gyl N3A A4kl DHAY EPAE vl A4
S drh dFstvtel wet 24 gEkA, FEA4 A
S A9 MFA ¥E a5 EflAE olE AW
A o) Tl v A LhEl Y,

AR golle] DHA &% BsHE A¥RY, 78 4
#3&l7] A9 DHA &3 tx2aw of AHT Atold]
A 81 Aol st °i?i°‘4 oJH-E M3s ¥ 28UA)
Fdu)e] DHA &3 off 3.0g& 43 o] tiz=d
o vlgl FAoR &2 7o) o9 o] Fi-F
9] oJf HH7F " W] DHA & dge v
oln| Bugul o Efo diE At %

il

>
ok



oX

220/DHA A# ¢} 4tue) 83 9 mfe Az

Yolo] AR NE fREHAY AN FPEE
O, f4eA B4 APE 2 FF At
4582 2 {58 lauric acid(C12 : 0), myris-
tic acid(C14 : 0)o]H, palmitic acid(C16 : 0) Bt} &
277t e EIAPAE HdFo] Aoz R
Fdc}. & FA229 9E lipoprotein lipased} &
Az 9§ Eo}, chylomicrono & HE AHAHS #
glate] B ol o] &a}7] wie] /77t DHA &
o] & o {-E 4lojot T 4T A F, BA
o] DHA ko] FvlstAE™, o2l Ef g
DHA @_%‘:o] ‘_6_7]_5] ]—;}_31)32)

24 3 45 F9b R DHA S e oF 0.
75% 24 5."1H°“/‘1 H3d 055%2T g4 ¥ 5
ojller, Hm g AEdA Bug 2 0.1~0.2%
Br} R 2L FEOIUPHP o]= Ho] AH Y A
ololA & Aoz F ATdA Aoz A3 DHA %

o] tha: Bta, fEutet AFFE S AT ofelute A

FERT DHA o] H|wA 52 52 A4E gol
AFskeE A9 sttt Bt

g &4 AFHEY o fE RIS o, FF 1Y
4 DHA & ¥t gle Aoz ey
T8 MR dulER] ol 1 Og?ﬂ:o] =
58 o F-o] AL, o)) 3 A of
frol el @.01 YUehd lag-time2 & Ala @tk 2
ol B3 149Ade 2H<] DHA $o] f-94 A
Z7lEle] A% B2 FFoT FAFoEN of 44
5 AR 7Y ool Aol L o] vEheE
AlALgt}, o]= Harris?9t Jensen®™5¢] dpollA of
& BREANHEW, 2571 B el DHA o
dose-dependent® 57}?‘# Ao} o x)sh}, 2 2
< @?"ﬂ/ﬂ °1T°r9] 10g°]*‘°i ﬂ7}/\1§a rLH X

4 0% 4459 ek 29 DHA
el Gl sl 4:5.;—° 31}

% 28UAHNE, ol% 1.5g2 AR A4S
Aol wol) Ystert 0171' 3.0g2 44T 74
FAAUA 7o) olfi7t BED Fol we
239 9] Aol} ek, ol9ge 45z 1, o
% 15g 413 24 el DHA 3¢ 42430 %
sl7lel 3R e Folehn AHRHM, o 3.0g
& AT ASE YT GLE 9 23 5 24 o

ol = aﬁ}

DHA @38 Fo4A 29 5 g Folgte & 5
Ao},
¢ ofE 277 HEY F, Ef o #HE

Fol o ol Z7hsHA) ko

-

DHA &2 plateaus: ]

A 3.0g9 o8 WY AT B, o= FEANE
7kt I Fol = o ol SV e AoE
Ehdth, of & ggol b 3g9] ol ffRFoE Hi
o] DHA &5 U2 S7MZEF Ae S22 Ale
ot 2y of AHE SHEA 2% Fole BEhY
DHA #to] txaat o3 2pol& YehllA] &
Oibﬂ ASAQA HHAE FalAT 2R o] DHA &
& 59 e 2o& et Harris” 7l <
3 10g olde] olfE REAZ F, AFE Fud
2] 23 Fo| 9] DHA FFEHU= W¥3ko base-
lineBohe FANUMAl =0t e & RIAAS HS
ol & washout 3H=H| 225 Alzle] Bt} wo] 8.7
HE A& 44 ok

2 AFlA AR o 3g%F9] DHA &332 0.
92gol™, o] &2 315l 350~700g2 A A Z2
75~150g9] TFE M 1Tl £ Aojd £l
= Yoltt. o] A% 4 AdAE I ABEE B
A = g ol 53] A Y= DHAY A+
A2l eicosapentaencic acid(C20 : 5 N3, EPA)= t}
Z 550 glo] EfiF9 DHA +5& S7HA717]9
& g9 AlsdY

AZoR B4 Ue DHA ¥ —e— oN%E ¥BH T
S92 Bl ek AR Fhsh, 1 o
& ol 3.0g o9l ol iﬂ 1 ol42) e
Yoz v, Angl 2o ol27] At 2% oY 2
9t R0z vehgh Te olfe) B3 Fus
u+ | 2% o)) el Eolgrew A4 nEol

SRi=g -Crk] o] IS dolue Al7lell F&
X—’i Ao 2 W29 DHAS) B3-S Aol deof 9
DHA 5% Z7}"]7IJ— 28 9] g S
2, Qololl Al 2= DHA $3& Z7H71E AoR
ALY 3 frofel Al o E ESAAE | 2AE
FE WA Folrth o] A=A A, =HA oA
DHAZ XFAAS “H 7¥l= arachidonic acid g3
o] ZolEQtke AT 47 55 nBsld B & o
ojo g A=9x }fﬁé A d7t a7

Literature cited

1) Crawford MA, Hassam AG, Stevens PA. Essential fatty
acid requirements in pregnancy and lactation with spe-
cial reference to brain development. Prog Lipid Res 20 :
31-40, 1981

2) Harris WS, Connor WE, Lindsey S. Will dietary N3 fatty
acids changes the composition of human milk. Am J Clin



Nutr 40 : 780-785, 1984

3) Artemis P, Simopoulos MD. N-3 fatty acids in growth
and development and in health and disease. Nturition To-
day May/June, 12-18, 1988

4) Neuringer M, Anderson GJ, Connor WE. The essentiality
of n-3 fatty acids for the development and function of
the retina and brain. Ann Rev Nutr 8 : 517-541, 1988

5) Dobbing J. Vulnerable periods of brain growth. In: El-
liott K, Knight J, Eds. Lipids, malnutrition and the de-
veloping brain. North Holland : Elsevier, 9-29, 1972

6) Conner WE, Neuringer M, Reisbick 5. Essential fatty a-
cids : The importance of n-3 fatty acids in the retina and
brain. Nutr Rev 50 : 21-29, 1992

7) Bourre M, Durand G, Pascal G, Yougou A. Brain cell

and tissue recovery in rats made deficient in n-3 fatty a-

cids by alteration of dietary fat. Nutr 119 : 15- 22, 1989

7017 - A 5pRk - o)Al ol F ) N-37 ¥ N-6A] A

AF o) 7k Al 2 A} 8 H 24 A HFAE A Beol v 2] = o

Bk, gharod of 813] %] 26(6) : 661-671, 1993

Netileton JA. Are n-3 fatty acids essential nutrients for fe-

tal and infant development? J Am Diet Assoc 93 : 58-64,

1993

Bourre, J-M, Bonneil M, Chaudier ], Clement M, Dumont

O, Durand G, Lafont H, Nalbone G, Pascal G, Piciotti M.

Structural and functional importance of dietary po-

8

=

9

=

10

=

lyunsaturated fatty acids in the nervous system. In Ba-
zan NG, Murphy M, Toffano G. Eds. Neurobiology of es-
sential fatty acids. Advances in Experimental Biology and
Medicine Vol 318. New York, Plenum Press

11) Innis SM. Plasma and red blood cell fatty acid values as
indexes of essential fatty acids in the developing organs
of infants fed with milk or formulas. J Pediatr 120 : s78-s
86, 1992

12) Innis SM. Essential fatty acids in growth and de-
velopment. Prog Lipid Res 30 : 39-103, 1991

13) Sanders TAB, Reddy S. The influence of a vegetarian
diet on the fatty acid composition of human milk and
the essential fatty acid status of the infant. J Pediazr 120
717,19 )

14) Liu CF, Carlson SE, Rhodes PG, Rao Vs, Meydrech EF.
Increase in plasma phospholipid docosahexaenoic and
eicosapentaenoic acids as a reflection of their intake and
mode of administration. Pediatr Res 22 : 292-296, 1987

15) Neuringer M, Connor WE, Barstad L. Dietary fatty acid
deficiency and visual loss in infant rhesus monkey. J
Clin Invest 73 : 272-276, 1984

16) Reisbick S, Neuringer M, Hasnain R, Connor WE. Home
cage behavior of rhesus monkeys with long-term de-
ficiency of omega-3 fatty acids. Physio Behav 55 : 231-239,
1994

A RS 2902) : 213~222, 1996 /221

17) Folch J, Lees M, and Sloane-Stanley GH. A simple
method for the isolation and purification of total lipids
from animal tissue. J Biol Chem 226 - 497-509, 1957

18) Fletcher MJ. A colorimetric method for estimating serum
triglycerides. Clin Chem Acta 22. 393-397, 1968

19) Bligh EG and Dyer WJ. A rapid method of total lipid ex-
traction and purifications. Can J Biochem Physiol 37 : 911-
917, 1959

20) Bartlett GR. Phosphorous assay in colum chro-
matography. J Biol Chem 234 * 466-468, 1959

21) McDougal DB and Farmer HS. A fluorometric method
for total serum cholesterol. J Lab and Clin Med 50 : 485-
488, 1987

22) Morrison WR, Smith LM. Precipitation fatty acid methy-
lesters and dimethylacetals from lipids with boron flu-
oridemethanol. J Lipid Res 5 : 600-608, 1964

2) 347 - »w*. @3 A mg gl BT AT 2
o}x} 28(7) : 765-771, 1986

2) 229 ‘“ZH CQERAL 1R G 2o A
F wssl 449 A4 HE 2 Gobe) A4 T&
@ A Q7. 1 24 A4 okl B} AT
of of8}3] 2] 24(2) : 77-86, 1991

25) Qe% - 4k mhdyolst Fdrore] AAuAL
gharof of 83 4] 27(5) : 429-441, 1994

26) Harris WS, Connor WE, McMurry MP. The comparative
reduction of the plasma lipids and lipoproteins by

n;}{_:,

¥
o %
gt

dietary polyunsaturated fats : salmon oil versus veget-
able oils. Metabolism 32 : 179-183, 1983

27) Phillipson BE, Rothrock DW, Connor WE, Harris WS, 1I-
lingworth DR. The reduction of plasma lipids lipopro-
teins, and apoproteins in hypertriglyceridemic patients
by dietary fish oils. N Enig J Med 312 : 1210-1218, 1985

28) Michaelsen KF, Skafte L, Badsberg JG, Jorgensen M. Vari-
ations in macronutrients in human bank milk : In-
fluencing factors and implications for human milk bank-
ing. J Pdeiatr Gastroenterol Nutr 11 : 229-239, 1990

29) Thiemich M. Uber den Einflub der Ernahrung und Le-

" bensweise auf die Zusammensetzung der Frauenmilch.
Monatsshr Geburtshilf. Gynakologie 9 : 504-521, 1899

30) Hall B. Uniformity of human milk. Am J Clin Nutr 32 :
304-312, 1979

31) Insull W, Jr, Hirsch J, James T, Ahrens EH, Jr. The fatty a-
cids of huan milk. 1. Alterations produced by mani-
pulation of caloric balance and exchange of dietary fats.
J Clin Invest 38 : 443-450, 1959

32) Hamosh M, Clary TR, Chernick S, Scew Ro. Lipoprotein
lipase activity of adipose tissue and mammary tissue
and plasma triglycerides in pregnant and lactating rats.
Biochem Biophys Acta 473-482, 1970

33) Sas M, Gellen JJ, Dusitsin N. Comparison of the fatty a-



222/DHA 43t 42 94 2 24l AA2A
cids in human milk from Hungary and Thailand. Task
Force on Oral Contraceptives, WHO Special Program of
Research, Development and Research Training in Hu-
man Reproduction. Prog Lipid Res 25 . 235-238, 1986

34) de Lucchi, Pita M, Faus MJ, Periage JL, Gil A. Influences
of diet and postnatal age on the lipid composition of red
blood cell membrane in newbone infants. Ann Nutr Metab

32 : 954-959, 1988

35) Koletzke B, Mrotzek M, Bremer HJ. Fatty acid com-
position of mature human milk in Germany. Am J Clin
Nutr 47 @ 954959, 1988

36) Jensen RG. The lipids of human milk. Boca Raton CRC
Press, 1989



