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ABSTRACT

Omega-3 fatty acid, docosahexaenoic acid(DHA) is found in a high proportion in the struc-
tural lipids of cell membranes, in particular those of the central nervous system and the retina.
Diet-induced changes in fatty acid composition in these tissues may affect physiochemical
functions. This study was conducted to investigate whether supplements of DHA in infant
formula has an effect on the composition of fatty acids in erythrocytes with regard to brain
development. Experimental groups were breastmilk group(n=21), placebo formula group(n=
15), and DHA supplemented formula(0.26%) group(n=16). Infants were selected by mothers
who delivered at Kyung Hee medical center from February to April, 1996. Infant body weight,
length, and head circumference were similar among the experimental groups at 16 weceks of
age. The levels of DHA in breastmilk, placebo formula, and DHA supplemented formula were
0.56, 0, and 0.26% of total fatty acids, respectively. There was a significant correlation between
dietary DHA intake and erythrocyte DHA levels. The levels of arachidonic acid did not differ
among the three expermental groups. The result of flash visual evoke potential(VEP) test was
correlated with the erythrocyte levels and dietary DHA levels at 16 weeks of age. No other
fatty acid was correlated with VEP test results. No differences were found in Bayley Mental and
Psychomotor Development Index scores among the three groups at 20 weeks of age. DHA
scems to bc an essential nutrient for optimum growth and maturation of term infants,
Relatively small amounts of dietary DHA supplementation significantly elevate DHA content in
erythrocytes, which in turn has an implication for better scores for infant's VEP test. Whether
supplementation of formula-fed infants with DHA has long-term benefits remains to be
elucidated. (Korean J Nutrition 30(5) : 478~488, 1997)

KEY WORDS : DHA - brain development - flash VEP test - Bayley scales of infant development.

@e o) A4 Fearn Aok FYzARe Ade

NoE AF AZLA B2 T G550 lew, ng A

=i gutzae Aoy Ay geoz spg  docosahexaenoic acid(C22 1 6, N-3, DHA)= 292
A 19979 49 8Y W 1A1E2l phosphatidlyserine® phosphatidlye-
B oTE 19969 % Y89 A7H| 2 23S thanolamine®] 80%& A8l UATH?. Ty 34|

© 1997 The Korean Nutrition Society



23 ofFol2)= Al7]o| DHAS 382 3~ 5“Hi
Z7V8lH, o213k 22 o] DHA £8 2 A XU
Az} A Zetoll M sk A7A A=e] Aoty °ﬂ |
515 o} FxZA] 715AQ Wdd Fa JIS
u] AT weba] DHAE F9o 343 A% e
Ao Al Aol dE oz el St

ol DHAS E/& TFEAY, AHelA einole-
nic acid(C18 : 3, LNA)Z5E §4e 4 s} vt
LNAZRE] DHARS] Hho] Azsle] FHF A7)0
oyl tigh FEHE 2o|2 A FEds Fo] 7}
7 &AL, B9 DHA e & A 0.
05~14%A 5o 11 3eEe ARyt Q3= 2o]d
osle] dgkS wh=r}™® ubd BEg= DHAY A#AQ]
LNA#HS g4t gle™, n6 AQ9] linoleic acid(C
18:2, LAE vk dhaatn o] Auels LNAZE
DHAZ #A%s= AL waleht ojzigh AE B4
ofel €% DHA 757 BRagole] dF sxbtt &
3] ¥ Martinez"9] EarollM T A& 1 glet.

2lo|2 Fu5E DHAE gotel HE FAAEY
ZAo 2 Ve 0 g Ao|z FEEE DHAYL 4
ofe] Ty A4 ¢ EJ | T dEA JRE F
?5?-141& oo] = DHA z‘,—:].akoi 01] E}_II)IZ) f[]rr“%
A Aol upate] T 2Ao|uf ik Ao AP £
Aol ofH g v A e AP FA A 2A RN o
olgt v Ao wpA o 2 Hotak 4= gl

2Jo] DHA7} o] BaAQ Ty A&7 g5
o Z28 9&L Fo] HuEWA visual evoked po-
tential(VEP)HALE o]-83le] Asiddd tigk DHA
9] 35 & 3le AFEo] islA sz gt
19 o] Arle Al dAIAQ] A58 Fol ATl vk
ste A= SAToRN A2 4&5E #Yse
gl o] &5 ik T e A4S wdste ohE W

U] shigl vide] JotddS3 A Bayley Sca-
les of Infant Development, BSID)&= gole] #4&
o] P55 FEsA she WA E o] &8t A=l
W3] sk sl =k S 23 sle AR gole] A%
2 Pedddu & sfebal = g,

3T g Aol QlgddolE EH”_& DHA9] X
gajol oigt g7k gas] s o Qe
Yolol X DHAY EF&ie Fodd® 4aadArt ol
o o] FHA-L nigolol AN HE A Ve tE A
o2 BuEm Jop? g} Paole] A9 o] A
A AR 2 AFEC] AAHI §lo mlGoteE g
2lo]F DHA EZEAE g3sk=t] ofzgo] it 2
#ut 2 Makrides 5°9] HaoA= DHAS B3+

[+
;o

o

ofj

B 5 30(5) 1 478~488, 1997/479
oA M VEPZEA 235 Yehlie 2% Hslv

DHA EZo] ‘rﬂ Flg=pl
z319 e}k, W Austed £79] d5-9F Hartmann
AFNME o]} Aol 3 ATHE sk | = st
*elvele) 44 og7he 2 AREHI e g
o ZAERolE= DHAZF A7isel glch 22y ol &9
BEash obgAe] #d A AR Aol o]
E AolrMe Fots tider 2AERe DHA B
o] &9} vlmste] Jole] ARz 1A
gkl ol gt Ntz vshyt Tt X]"“
2 gl e YT AW BTt B A F-
«] DHA H3Zo| ole] HETY tocopherol ¥ 5“’* 2
hemoly51s°ﬂ n)H e sk olew ol AMA AH
I8 FEw T AL

A7 Oy 9 W

o

Aeigd vlAle $o4s 4
=
©

23) g]

E, e of

=

ofN ox rlz
ML
2
ok
2
b
i
ofN
B
i,
=
~
>
2
>
o
T
ofl

tlo %8
rir
B
o3

r2 re
44 4
ir o
oY, 02
loke
1o
tu
e,
2t
-
rO
B
=2
>
ol
>,
[J6)
'S
!
B
Do
-\
=2

ol

1o,
Lok,
o M
o

ol

lo
o
0 DO
old,

it
il

ol
Jo

T(n=21, breastmllk oup)
1712 A3 ARES BF T
& TR 2 B738le] DHAZ
(0.26% DHA)E Yol & DHARS &
(n=16, DHA(+)), DHAY} 371HR] ¥ 255
ol & B T(n=15, DHA(-))2.& 3} o]
7 (randomized double blind) @+ A8l T},

oh
=
M
Jo
it
18

[S)

mxo

foMe bR L I oox
= o 2
Ok e
T
e
o
r—u

M
Jo
¢
o2 12 MU ofv K fo mu A ofw

ofN

= 2, 59
F35F s 3
e Bl

A7 ool A B8 YELE TFA FEF T
At A2 100kcald 5.23g°) THEol & I
9l 47 2%% FAAch EAL 100keald 2.44g2
2 ZF 999 98%E% FTaeidey, e5sEe 4%
o] FAR0Z 100kcald 10.79ge] hElo] & Fe

3.1%% AT v gt veliz 27



480/ DHA 3% o] A|uhabzA 3 ] bbol] =] 5]

SAYFAEEFS 7122 o] JHLGHH FFo| U=
= FuHAH(Table 1).

4. 91% 7Y, 2257

dote] 4%, T5E A A9 2 4, 8 12 28
165l A%, AF FI2 2H6igict. A% 1
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dote] e 1659 9743 M (external jugular
vein) £ WEE A9 (fermoral vein)olA 5mlZ |
Holo] g3 H¥72 Reld $ AYre 9
saline-phosphate buffer(pH 7.4)2 33] &3}
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Table 1. Nutrient compositions of experimental formula

Experiment RDA / 100kcal
Components formula

/100kcal CODEX”  ESPGAN”
Protein (g) 2.4 1.8 1.8
Fat (® 5.2 3.3 4.0
Carbohydrate (g) 10.8 - 8.0
Calcium (mg) 69.8 50.0 60.0
Phosphorus  (mg) 38.8 25.0 30.0
Sodium (mg) 23.2 20.0 50mEg/L
Vit A (LU)  330.0 250.0 250.0
Vit C (mg) 9.7 8.0 8.0
Vit D (Lu) 735 40.0 40.0
Vit E Uy 12 0.7/g LA 0.7/g LA

1) CODEX : Joint FAO/WHO Food Standard Programme.
Codex Alimentarius

Commission : Recommended international standards for
foods for infants and children. 1976

2) ESPGAN : ESPGAN committee on nutrition. Guide-
lines on infant nutrition 1.

Recommendations for the composition of an adapted for-
mula. Acta paediatr Scand. 1977

LA : linoleic acid

Dyer”’e] ¥og 4& 323 & Morrison® Sm-
ith®2] WS o438k methylationstAth. Gas ch-
romatography(Hewlett Packard, Co., USA : Model
5890 IDE of&sld APt 24E AL} o) o
column SP2330 fused silica capillary column
(60mx0.25mm ID)& AHE-3}¥ 1L, gas flow rate
N, 26ml/min, air 300ml/min, H, 30ml/minZ #A
sdon 2eol B9E split flow rate 100: 12,
HETE 30 12 3|} 4 Ak BF At
vl wdle] F el ME-g2 HAISIY T

2) M8 tocopherol B3 hemolysis Z7

Desai®9] o2 A1 tocopherol®] g
spectrofluorometer] excitation 286nm, emission, 330
nmellA £431ch. A8 729] hemolysis 278 Drap-
per®} Csallany®™e] W o2 UV-visible spectropho-
tometer(Model Varian DMS 90) 415nmellx] 24315
=3

7. Flash visual evoked potential(VEP) At

1658 ool 243 VEP AAbe H(0.5¢c¢ chr-
oral ‘hydrate/kg BW) “g&lolA ground electrode®
central zone(CZ)°l, active electrode’™= occipital zo-
ne(0Z)dll, reference electrode= frontal position zo-
ne(FPZ)e] Hlo|Z& 133 A=-2 red-light-em-
itting diode(LED) goggleolAl 2A3k= flashE o] &
sl £A8H . Electrode® 5dlo] Uehls dhgo
AA latency(FE71)9 amplitude(RZ) o2 e 1}
cHl, AEe A5 FUE o B AlHmilli-
seconds, ms) 22 N, P, N8| A2 el A%
& A5 ¥hEEHs peakd] F(mV)2Z NP, PrN,
o2 AN o] ZAFE double blind WH o A
w2l o] AA= AT

8. t| Y2 ForHS &7 (Bayley scales of infant de-
velopment, BSID) A

BSID #At= ZAl A5%=2 (mental development
index, MDI)# 3532 (psychomotor developme-
nt index, PDD & o] 24383t MDI®] 4%, &
F5 A8l Bl A= sl el 9olel
P AAsle] ZH Y5 F7}(pass)9 Al
(falD & Z2FsIATE. EHE B JEES ket &
Azloll FATE AR 1 ghE @AY PDIS] A%
Adre Eoluvt el A W E7], BEl7er], HE
71, 971 59 FAEC] Aol 7t o o9 A e}
Uerts $3dla g EE e e AEE 2y sle] o
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2P o] 83l H(mean)F FF LA (stan-
dard error, SE)E AH&sl%ich. Bhel #5< DHA ¢
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Table 2. General characteristics of the subjects
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FHol YoMz Al Fo] BF fARSIALE A it
ohe) 4 ol 269, ofo} 26902 111 £TE B
AL, THE o}, ool FHE FALSHA o] Fol A )

DR 2R ASN Y

W2, 8, 165 AHT B} BRolA A4t
% é% AW B.3tH(Table 3). 165 7135 28 %3}
A Wke] & BH palmitic acide] &) 714 =
%I, Yhaol lauric acid, myristic acide] €42 et
ok P71 o2 Tap o] dEhasiE my-
ristic acid®} palmitic acid7} R717t] Z7}3te] wh
gt FolH o syt Bl 718 wol &l
oleic acide F A|W1ke] 24.4~927 3%0]0] =573}
e frold Wzl Bolx Yokth EXEA|WARI
LAY 18.5~17.6%% #H7 3o 2 Z715 Hel 1t
H LNA & 1.6~2.1%% F7717 w2 Wl
HEE A gokeh A, AA FFL 571700 0.1~0.
3%° £EE HolH, $/717to] Aol nhg} fo
o2 A3t DHA 7-%, 259 0.82%, 859 16
ol 24z} 0.58%, 0.56% 2 74T gt 4As B

et

e B, tiF-Ee] Apgatehgol 1659 B9k &
AR FEE Belvh Zeiv DHASHES DHAG 2%
H M5 Bl vl fejx e Wekm DHAZ

oo
TT
FHA F& ERolMs DHAZE A9 S4EA] &4k

Breastmilk" DHA(-) DHA(+)
n=21) (n=15) (n=16)
Metanal age (yr) 28.54+2.77 28.4+5.5 28.1+3.8
Gestational age (wk) 40.4+1.0 404+1.3 40.3+1.0
Pre-pregency wt (kg) 509+4.4 53.0%9.9 50.31+4.2
Pregency wt gain (kg) 14.6+3.3 149+3.6 13.1+4.2
Recovery rate (%) 945+5.5 95.2+5.5 94.1+4.6
Parity 1.2+04 1.3+05 1.2+04
Birthweight (g) 3354.3+288.5 3328.0£235.2 3195.6+291.1
Birth height (cm) 52.0£22 51.9%2.1 51.2+16
Birth head cir (cm) 342410 337114 33.6£13
Birth chest cir (cm) 328+1.2 333+£15 321£1.1
Male / Female 10/11 9/6 7/9

1) Breastmilk : Group of mothers, and infants who fed human milk for 20 weeks
DHA(-) : Group of mothers, and infants who fed placebo formula for 20 weeks
DHA(+) : Group of mothers, and infants who fed 0.26% DHA supplemented formula for 20 weeks

2) Values are mean+SD
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Table 3. Fatty acid compositions of breastmilk at 2, 8, and 16 weeks and formula

. Breastmilk Formula

Fatty acids week 2 week 8 week 16 DHA(+)
0/0

c12:0 9.80+0.57" 8.29+0.54 8.99+0.54 10.63+0.30
c14:0 9.71+0.64° 8.62+0.45% 7.51+0.67° 8.24+0.13
c16:0 24.76+0.65 23.86+0.61° 22.4240.53" 21.89+0.61°
c16:1 2.60+0.29 2.59-+0.31 2.83+0.25 1.4240.15
c18:0 5.96+0.22 5.98+0.22 5.41+0.41 5.77+0.15
c18:1 24.43+1.11 27.29+1.06 27.10+1.12 25.26+0.38
c18:2 13.48+0.89° 16.09+0.69° 17.59+0.97° 16.05+£0.23"
c18:3 1.26+0.21 2.08+0.44 1.57+0.26 1.23+0.03
c20:4 0.30£0.05° 0.19-+0.04* 0.12+0.03° 0.15+0.03
c20:5 0.22+0.05 0.20+0.03 0.2340.03 0.1740.03
c22:6 0.82+0.09° 0.58+0.05" 0.56+0.06° 0.26+0.01°

1) Values are mean+SE and expressed as % of total fatty acids
Means with the different alphabets in the same row are significantly different at p<{0.05 by Duncan’s Multiple Range test
DHA(-) has the same fatty acid composition with DHA(+), except the DHA concentration
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Fig. 1. Comparison of infant nutrient intakes with RDA.
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165-¢ Jofe] Mol HE T At 24 & AT KE
THTable 4). Palmitic acid®] #X& Tkl Aol&
BolA ggtort stearic acide B8 T4 14.95%,
E5 oA 15.58%, DHARZERF oA 1451%=
DHAZ} F89RA & B4 wolAd 713 Eoig @d
ExA 4 oleic acide] Z-$-ol€ 10.89~11.28%
FFOE 79| Ao]E HolA] gsit) LAY #5& 9.
65~11.80%2 24 ToIA 71 wsked, LNAE 0.
92~1.40%=2 T2 Aelrt QIde}, #H, AAE 12.
86~14.70% FFo= #7H Aelrt gidevt, DHA
FEL BH oA T7.41%, B oollA 3.62%, 2B
DHAEZE-§ oA 5.74% 2 Z3tl f2)2¢Ql 2ol &
Hol 2§ oA 7 ¥ vhgo] DHAE S &
B 2o £02 dA3 Aol F Bt

6. Fore MA tocopherol BF hemolysis

gole]l ¥ tocopherol ¥z hemolyswg A
HEJTHTable 5). H¥79] tocopherol & 24
oA 3.90pg/ml, ¥ oA 4.23pg/ml, DHAE S
5 TolA 4.120g/ml2 E5ollA] 71 BiA| Vel
ot a2y AE79 hemolysisell A= 2z 279
Aol 7k Gdch.

7. oo Ris e ysuey
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Fig. 2. Anthropometric measurements of infants for 16 weeks after birth.

Table 4. Fatty acid compositions of erythrocyte in infants fed breastmilk, placebo and DHA supplemented formula

. Breastmilk” DHA(-) DHA(+)

Fatty acids (n=21) (n=15) (n=§6)
%

c16:0 23.61+0.75° 23.51+0.30 23.9240.54
c18:0 14.95+0.33* 15.58+0.21° 14.51+0.44°
c18:1 10.99+0.28 11.28+0.43 10.89+0.26
c18:2 9.65+0.25° 11.80+0.40" 11.62+0.28°
c18:3 0.92+0.19 1.14-0.41 1.49+0.60
c20:4 13.27+1.15 12.86+0.68 14.70+1.17
c20:5 0.63+0.09 0.41+0.13 0.47+0.05
c22:6 7.4140.33° 3.62+0.29° 5.74+0.15°

1) Breastmilk : Group of infants who fed human milk for 20 weeks

DHA(~) : Group of infants who fed placebo formula for 20 weeks

DHA(+) : Group of infants who fed 0.26% DHA supplemented formula for 20 weeks

2) Values are mean-SE and expressed as % of total fatty acids

Means with the different alphabets in the same row are significantly different at p<(0.05 by Duncan’s Multiple Range test

AN AT} 7|2 tiete] 71 whe) whgahs A Epsti}, et latency P2 A-$odle 2 8% o] 131

7F latency N1ojA 24+ ?O] 2E% ¥ 92.1ms, ¢ 2~131.9ms, 9% Fo] 130.5~132.7Tms FFo 2 H]
= T 91ImsolA oW, B & 247} 102.7ms, 103, 279] o]y} Uehix] ggron latency N29| 7
7ms 393 DHARZESR <2 92.7ms, 93.1ms2  ol% 1 $Fo] 217} 188.5~194.7ms, 191.8~195.
1 o] AT tigte] 7P A wheelE Ae@ U ImsE Z F7ke) Xpolr)} U] ekgrud



484 / DHA B.Z-0] x| ubAabzAd 2} Fxfubdol vl X =

ZZ (amplitude, pV)ell 4o
M 24 79 NI-P2e 28% 0| 8.7, 8% &
o] —8.3uvolx, B FolAe -39V, -4, 3}1\/ 1
23 DHARZ RS TolM e -8.3pV, —7.20VE 742
Ueht, B4 o] ¥% Folla B5F folFen ‘5\}2 F
AE BHed a8y FHA Jehde $% P2-N2e
B& o] 20.3~23.THV, 9% £0] 20.8~24. 1pVE ‘EL
ko] Aol Holx] &gtth(Table 6).

) oqor_| 7(| Cl I:II BgEul» ror (BS'D)
20770 gotel AedEd dFEdS BSID HA

EG AT B

g Slo] Argit) o] A gole] AgLeErof
¢ gEidiors FYste AR, AAA7E 100+
16 W 9lol &t gadolgtn A 5 olvk. 2AEH

MDI #< 105.8~110.99) A2 Jehton, PDIY

= 104.0~115.0 $ELE A 7 25 49 &

s, Al #zte] F94<1 Aol = gloivH(Table 7).
Table 5. Tocopherol levels and hemolysis of erythrocytes

in infants fed breastmilk, placebo and DHA sup-
plemented formula

Breastmilk” DHA(-) DHA(+)
(n=21) (n=15) (n=16)
Tocopherol(g/m!) 3.90+£0.08" 4.23+0.10° 4.12+0.08"

Hemolysis(%) 0.77+0.05 0.78+0.09  0.79-+0.02

1) Breastmilk : Group of infants who fed human milk for

20 weeks
DHA(~) : Group of infants who fed placebo formula for
20 weeks

DHA(+) : Group of infants who fed 0.26% DHA sup-
plemented formula for 20 weeks

2) Values are mean £ SE

Means with the different alphabets in the same row are

significantly different at p<0.05 by Duncan’s Multiple

Range test
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Table 6. Latency and amplitude of BEP test in 16 weeks-old infants

breastmilk” DHA(-) DHA(+)
? R L R L R

Latency(ms)

N1 94144237 92144229 103.73+3.67° 102.69%+3.29" 93.11+3.45° 92.74+3.69°

N2 132.71+3.73 131.24+3.87 130.46+3.40 131.85+3.29 130.49+4.76 131.81£5.70

N2 192.10+5.60 188.52+4.30 191.80+6.81 189.07+6.31 195.06+5.21 194.69+7.29
Amplitude(pV)

N1-P2 -8.26+1.35° -8.67+135" -4.30+0.82° -3.93£1.15° ~7.15+1.07° -8.27+1.08

P2-N2 22.54+4.96 23.74+4.16 24.07+£3.86 21.97+3.06 20.76+4.12 20.30+4.81

1) breastmilk : Group of infants who fed human milk for 20 weeks(n=21)
DHA(-) : Group of infants who fed placebo formula for 20 weeks(n=15)
DHA(+) : Group of infants who fed 0.26% DHA supplimented formula for 20 weeks(n=16)

2) R : right eye N1 : negative 1
L : left eye P2 : positive 2
N2 : negative 2

3) Values are mean+SE

Means with the different alphabets in the same row are significantly different at p<0.05 by Duncan’'s Multiple Range test



Table 7. Bayley's scores of infants fed breastmilk, pla-
cebo and DHA supplemented formula

Breastmilk” DHA(-) DHA(+)

(n=12) (n=10) (n=11)
MDI 110.92+3.63% 110.60+5.31 105.82+2.67
PDI  110.67+3.37 115.00+597 104.00+3.35

1) Breastmilk : Group of infants who fed human milk for
20 weeks

DHA(-) : Group of infants who fed placebo formula for
20 weeks

DHA(+) : Group of infants who fed 0.26% DHA sup-
plemented formula for 20 weeks

2) Values are mean+SE

MDI : Mental Development Index

PDI : Psychomotor Development Index
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