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To examine the effect of fish oil supplementation on the 
fatty acid (FA) composition of human milk and maternal 
and infant erythrocytes, five lactating women were sup- 
plemented with 6 g of fish oil daily for 21 d. Usual mater- 
nal diets contained 1,147 mg of total n-3 FA, with 120 mg 
from very long-chain (>C18) n-3 FA. Supplementation in- 
creased dietary levels to 3,092 mg of total n-3 FA and 
2,006 mg of very long-chain n-3 FA. Milk samples were 
collected daily, prior to fish oil ingestion, and at 4-h in- 
tervals on days 1, 7, 14 and 21. Milk n-3 FA content in- 
creased within 8 h and reached steady state levels within 
one week. The n-6 fatty acid content decreased. Erythro- 
cyte eicosapentaenoie acid content increased from 0.24% 
to 1.4% (P < 0.011 in mothers and from 0.11% to 0.70% 
(P < 0.05} in infants. Docosapentaenoic acid increased 
from 1.4% to 2.2% (P < 0.05) in mothers and from 0.30% 
to 0.78% (P < 0.01) in infants. There was no significant 
change in docosahexaenoic acid or n-6 fatty acid content. 
Maternal platelet aggregation responses were variable. 
No differences in milk or plasma tocopherol levels were 
noted. 
Lipids 27, 863-869 (1992). 

Animals are unable to synthesize n-6 and n-3 fatty acids 
and are dependent on dietary sources. Linoleic (18:2n,6) 
and linolenic (18:3n-3) acids can be converted into their 
respective families of very long-chain polyunsaturated 
fatty acids (VLC-PUFA). However, because both fatty acid 
classes are elongated and desaturated v ia  the same en- 
zyme system, the presence of high levels of 18:2n-6 relative 
to 18:3n-3 may limit the formation of n-3 VLC-PUFA (1,2). 
The acids of interest derived from 18:3n-3 are eicosapen- 
taenoic (EPA, 20:5n-3), docosapentaenoic (DPA, 22:5n-3) 
and docosahexaenoic (DHA, 22:6n-3) acids. 

Supplementation with 18:3n-3 has been shown to be less 
effective than fish oil for increasing tissue n-3 VLC-PUFA 
content (3), and preferential incorporation of dietary VLC- 
PUFA over their precursors into rat liver and brain has 
been demonstrated (4). These findings raise the possibil- 

1Based on a paper presented at the Symposium on Milk Lipids held 
at the AOCS Annual Meeting, Baltimore, MD, April 1990. 

Scientific Contribution No. 1420, Storrs Agricultural Experiment 
Station, University of Connecticut, Storrs, CT 06269-4017. 

2Current address: Johns Hopkins Hospital, Department of 
Pediatrics, 600 N. Wolfe St., Brady 301, Baltimore, MD 21205. 

*To whom correspondence should be addressed at Department of 
Nutritional Sciences, U-17, 3624 Horsebarn Hill Rd. Ext., Univer- 
sity of Connecticut, Storrs, CT 06269-4017. 

3Current address: Mansfield Family Practice, Mansfield Profes- 
sional Park, Storrs, CT 06269-4017. 

Abbreviations: ADP, adenosine phosphate; ANOVA, analysis of 
variance; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; 
EPA, eicosapentaenoic acid; FA, fatty acid(s); GLC, gas-liquid chro- 
matography; HPLC, high-pressure liquid chromatography; P/S, 
polyunsaturated/saturated ratio; RDA, recommended daily allow- 
ance; VLC-PUFA, very long-chain polyunsaturated fatty acid(s) 
(longer than C18). 

ity that  preformed n-3 VLC-PUFA from the diet are an 
important source of n-3 VLC-PUFA for tissues. 

There is increasing evidence that  the n-3 VLC-PUFA 
have an important role in the structure and function of 
biological membranes, particularly in brain and retinal 
tissues. In animals, retinal depletion of DHA has been 
shown to result in altered electroretinogram response (5-7) 
and decreased visual acuity (8). Decreased learning abil- 
ity of rats fed 18:3n-3 deficient diets has been demon- 
strated, corresponding with the brain DHA depletion 
(9,10). Visual and neurologic changes attributed to n-3 
PUFA deficiency have been reported (11,12} in humans, 
but it is difficult to separate n-3 PUFA deficiency from 
other nutrient deficiencies in these studies. 

Ascertaining the effect of diet on the fatty acid com- 
position of brain and retinal tissues in humans must be 
accomplished using indirect markers such as er3}throcytes 
and plasma. Based upon studies in rats and piglets which 
show that neural and erythrocyte tissues have similar 
relative effects from dietary modification of n-3 PUFA 
(13,14), it is likely that  human erythrocytes are appro- 
priate indicators of brain n-3 VLC-PUFA composition. 

In addition to the potential role of DHA in tissue mem- 
branes, the n-3 VLC-PUFA EPA is a precursor for eicosa- 
noids, which are potent metabolic effectors associated 
with inflammation and platelet aggregation (15,16). 

The potential importance of the n-3 VLC-PUFA during 
perinatal growth and development has stimulated re- 
search into the effects of infant feeding practices on the 
fatty acid composition of infant tissues. Human milk con- 
tains small amounts of n-3 VLC-PUFA in addition to 
18:3n-3, whereas commercial infant formulas contain only 
18:3n-3. Differences between the plasma and erythrocyte 
fat ty acid profiles of breast-fed and formula-fed infants 
have been observed (17-20). Fish oil supplementation of 
formula fed to preterm infants resulted in erythrocyte 
phospholipid DHA levels more similar to those of infants 
fed human milk (21). The requirement for n-3 VLC-PUFA 
for optimal infant health and development has not 
been determined, although recommendations have been 
made (22}. 

Maternal dietary fatty acid composition affects the fat- 
ty acid composition of breast milk with the PUFA con- 
tent responding markedly (23-26). The n-3 VLC-PUFA 
content of human milk can be increased above the levels 
observed in women consuming a Western omnivorian diet. 
Inuit women consume high levels of dietary n-3 VLC- 
PUFA and had significantly higher levels of EPA and 
DHA in their milk compared to Vancouver controls (27). 
Harris e t  al. (28) supplemented the usual intake of breast- 
feeding mothers with fish oil, and dose dependent in- 
creases in the n-3 PUFA content of the milk were observecL 
The effect of high levels of n-3 fat ty acids in human milk 
on infant tissues has not been determined. 

A potential side effect of increased consumption of fish 
and fish oil is that it may increase the need for vitamin E. 
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In animals, fish oil supplementation has been shown to 
induce tissue vitamin E deficiency, even with excess 
dietary supply (29). Hartog et al. (30) found no adverse 
effects of fish oil supplementation on tissues at about 
twice the vitamin E dosage reported abov~ Vitamin E 
supplementation led to decreased susceptibility to in vitro 
peroxidation in tissues from rats fed diets supplemented 
with menhaden oil (31). It is not known whether humans 
are susceptible to disturbances in vitamin E metabolism 
due to increased n-3 PUFA consumption. However, in 
populations ingesting high levels of n-3 fatty acids, 
vitamin E deficiency is usually not seen (32). 

The goal of the present research was to provide data on 
the changes in the fatty acid composition of breast milk 
and maternal and infant erythrocytes during maternal 
fish oil supplementation at a level equivalent to consum- 
ing a 4-oz portion of salmon daily. In addition, maternal 
dietary intake, milk and plasma vitamin E levels and 
maternal platelet aggregation response were measured. 
This information may help determine the optimum intake 
of n-3 fatty acids during infancy and maternal dietary re- 
quirements during lactation. 

MATERIALS AND METHODS 

Study  design and data collection. Five lactating women 
and their infants were recruited for the study. All subjects 
signed an informed consent form, and the study had 
human subjects' approval from The University of Con- 
necticut. 

The supplementation period was 21 d, between 2 and 
5 wk postpartum. None of the subjects were consuming 
any medications which might alter platelet aggregation. 
Infants received breast milk as their sole source of 
nutrient intake from birth and throughout the study. 
Mothers and infants were weighed weekly. 

Mothers supplemented their usual diets with six 1-g 
capsules of Bio-EFA (PGE 2~chnology, Cambridge, MA) 
daily. Capsules were consumed once daily at approxi- 
mately the same time each day. Each capsule contained 
180 mg EPA and 120 mg DHA, confirmed by gas-liquid 
chromatography (GLC), and 1 mg of vitamin E. This pro- 
vided 1,080 mg EPA, 720 nag DHA and six mg of vitamin 
E per day. 

Dietary intake was evaluated by collecting food records 
for six days (33,34), which were divided into three ran- 
domly assigned 48-h periods during the study. At least 
one weekend day was included. Forms with instructions 
to record all food and drink consumed and a 2-dimensional 
visual aid for estimating portion sizes of food and bever- 
ages were provided (cited in 35). Overall nutrient composi- 
tion (Massachusetts Nutrient Data Bank, University of 
Massachusetts, Amherst, MA), wtocopherol content (36}, 
and the fatty acid composition of the diets were calculated 
(37). 

Milk samples were collected immediately prior to inges- 
tion of fish oil capsules each day. On days 1 (baseline), 7, 
14 and 21, samples were also collected at 4, 8, 12 and 16 h 
postsupplementation. All samples were collected using 
an Egnell electric breast pump (Egnell Inc, Cary, IL). 
Mothers did not use any creams or oils on their breasts 
during the study. The pump was held to one breast until 
completely emptied, and an aliquot was taken for analysis. 
Samples were placed in the home freezer and stored for 

a maximum of 3 d, transported on dry ice, then stored at 
-70~ until analysis. 

Blood was collected by a physician on days 1 and 21. 
Maternal blood was sampled by brachial arm venipunc- 
turn and infant blood by heel prick. 

Sample analysis. Total lipid was extracted from human 
milk using a modified Folch procedure (38). Total lipid 
weight was determined gravimetrically. Lipids were con- 
verted to methyl esters for analysis by GLC (39). Fat ty 
acid methyl esters were dissolved in heptane to achieve 
a concentration of approximately 35 g/L for GLC analysis. 

GLC analysis was performed on a Varian Vista 6000 gas 
chromatograph (Varian Associates, Sunnyvale, CA) using 
a Supelcowax 10 fused silica capillary column (30 m X 
0.34 mm (Supelco Inc, Bellefonte, PA). Temperature pro- 
gramming was as follows: 180~ for 20 min, then in- 
creased 5~ to the final temperature of 200~ and 
held for 20 min. 

Quantification was based on relative peak areas as 
determined by a Hewlett-Packard 3390A integrator 
(Hewlett-Packard Co., Avondale, PA). Peak identification 
was made based on relative retention times of two exter- 
nal standard mixtures, PUFA1 and PUFA2 (Supelco). 

Blood for the analysis of erythrocyte fatty acid com- 
position was collected and prepared according to the 
method of Rose and Oklander (40), and fat ty acids were 
methylated for GLC analysis as described above. 

Blood for the measurement of platelet aggregation was 
collected separately into citrated vacutainer tubes. Platelet- 
rich plasma was obtained by centrifugation at 120 • g for 
10 min. Platelet~poor plasma was obtained by centrifuging 
the remaining blood at 1,500 • g for 15 min. Platelet-rich 
and platelet-poor plasmas were prepared within one hour, 
and aggregation response was measured within 6 h of 
sample collection. Platelet aggregation response to 1, 2 
and 4 ~M concentrations of adenosine diphosphate (ADP) 
was measured in platelet-rich plasma using a Chrono- 
log-Lumi Aggregometer (Chronolog, Philadelphia, PA). 

Milk lipid for tocopherol analysis was extracted by the 
modified Folch prcoedure described above and dissolved 
in hexane for high-performance liquid chromatography 
(HPLC). Plasma lipids were extracted by the method of 
Driscoll et al. (411. Lipid weight was determined gravi- 
metrically. Instrumentation for HPLC analysis and meth- 
ods for quantification of vitamin E in both milk and 
plasma samples were as described by Lammi-Keefe (42). 

Statistical analysis. Erythrocyte fatty acid composition, 
tocopherol levels in milk and plasma and platelet aggrega- 
tion response were analyzed by a paired T-test (43). Com- 
ponents in milk samples taken at 4-h intervals during the 
day were analyzed by repeated measures analysis of 
variance (ANOVA} (44). 

TO determine if there was a plateauing, after an initial 
rise in the n-3 PUFA content of baseline milk samples, 
a two-step procedure in SAS was used (45). First, a spline 
model was fitted through the data to characterize the 
shape of the curve and to determine the approximate loca- 
tion of the knot, the point at which no further increase 
was observed. For data to the right of the knot, the hy- 
pothesis that there was no trend in the data was tested 
using repeated measures univariate ANOVA. The signifi- 
cance of the linear, quadratic and cubic components of the 
orthagonal polynomial contrasts generated by the SAS 
statement summary were analyzed. 
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RESULTS 

Five  m o t h e ~ i n f a n t  pa i rs  p a r t i c i p a t e d  in t he  s tudy.  Al l  sub- 
j e c t s  who  vo lun t ee r ed  c o m p l e t e d  t h e  s tudy ,  and  no 
de le t e r ious  s ide  effects  were r epor t ed .  I n f a n t s  were full  
term,  be tween  37-42  w k  ges ta t ion ,  and  ga ined  weight  no~  
m a l l y  (mean 35 g pe  r day) d u r i n g  t h e  s tudy.  M a t e r n a l  
we igh t  for al l  s u b j e c t s  r e m a i n e d  c o n s t a n t  w i t h i n  1 kg.  

Maternal diet analysis. N u t r i e n t  c o m p o s i t i o n  was  
a n a l y z e d  for each  of t h e  6 d of food record  d a t a  col lected,  
and  an  average  i n t a k e  ca lcu la ted .  The  ave rage  i n t a k e  of 
a - tocophero l  for s u b j e c t s  d u r i n g  th i s  s t u d y  was  1.9 m g  
(range 0.8-5.1 mg). Sub jec t s  c o n s u m e d  an  average  of 34% 
of the i r  calories  as  fa t  w i th  a p o l y u n s a t u r a t e d  to  s a t u r a t e d  
fa t  (P/S) r a t i o  of 0.4 and  376 m g  choles te ro l  pe r  day. 

Average  da l ly  i n t a k e  of n-3 f a t t y  acids,  t he  n-6/n-3 r a t i o  
a n d  t h e  c h a n g e  in d i e t a r y  f a t t y  ac id  c o m p o s i t i o n  when  
f ish oil was s u p p l e m e n t e d  are shown in Table 1. The  s t u d y  
p o p u l a t i o n  c o n s u m e d  an  average  of 1,148 m g  of d i e t a r y  
n-3 P U F A  wi th  121 m g  f rom t h e  n-3 V L C - P U F A .  F i s h  oil  
s u p p l e m e n t a t i o n  t r i p l e d  d i e t a r y  i n t a k e  of n-3 P U F A  to  
an  average  of 3,093 mg.  Over  15 t i m e s  more  n-3 VLC- 
PUFA,  2,007 mg, was consumed.  Total  n-6/n-3 P U F A  ra t io  
dec rea sed  f rom 9 to  3. 

Daily measurement of the fatty acid composition of 
human milk. The  c o n t e n t  of i n d i v i d u a l  f a t t y  ac ids  in 
h u m a n  mi lk  before and  af te r  t he  s t u d y  pe r iod  is p re sen ted  
in Table 2. N o  s ign i f i can t  changes  in 18:2n-6 or  18:3n-3 
were noted .  I nc r ea se s  were: t o t a l  n-3 V L C - P U F A  162%, 
E P A  525%, D P A  143% a n d  D H A  89%. Total  n-6 VLC- 
P U F A  levels dec reased  30%, and  t h e  r a t io  of n-6/n-3 VLC- 
P U F A  dec rea sed  275%. The  r a t i o  of t o t a l  n-6/n-3 f a t t y  
ac ids  decreased  45%. The  P/S ra t io  of t he  mi lk  was  s imi la r  
to  t h a t  of t h e  m a t e r n a l  d i e t  and  was  n o t  a f fec ted  b y  t h e  
s u p p l e m e n t .  

M e a n  t o t a l  mi lk  l ip id  levels  (+_SD) for  t h e  5 s u b j e c t s  
were 2.74 _ 1.06 g/dL on d a y  1, and  2.10 +_ 0.83 g/dL on 
d a y  21, n o t  s i g n i f i c a n t l y  di f ferent .  

A n a l y s i s  of t he  da i ly  changes  in f a t t y  ac id  c o m p o s i t i o n  
d u r i n g  t h e  s t u d y  are  p r e s e n t e d  in F i g u r e  1. There  was  a 
s i gn i f i c an t  l inea r  inc rease  (P = 0.001) in t o t a l  s a t u r a t e d  
f a t t y  ac id  c o n t e n t  a n d  a q u a d r a t i c  dec rease  in  t o t a l  mo- 
n o u n s a t u r a t e d  f a t t y  ac id  c o n t e n t  (P --  0.02) d u r i n g  t h e  
s t u d y  (da t a  n o t  shown). The  LC n-3 P U F A  in h u m a n  mi lk  
were b e s t  f i t  to  a c u b i c - c o n s t a n t  sp l ine  model .  The  equa-  
t i on  for t h i s  m o d e l  is  as  follows: 

Wt% = BO + B1Z + B2U + E [i] 

whe re  z = [(Day-6) - (Day-6)+], U = [(Day-6) 2 - 
(day-6)+2], w = [(Day-6) 3 - (Day-6)+3]. 

F igu re  l a - d  shows the  p lo t  of EPA,  D P A  and  D H A ,  and  
to t a l  n-3 V L C - P U F A  con ten t s  u s i n g  th i s  model .  For  EPA,  
t h e  k n o t  was  e s t i m a t e d  to  be  a t  d a y  6.2, w i t h  co r r e l a t i on  
coef f i c ien t  (r/2) of 0.38, a n d  p a r a m e t e r  e s t i m a t e s  
B/O = 0.4424, B/1 = 0.1357, B/2 ---- 0.0578 and  B/3 = 
0.0090. For  DPA,  t h e  k n o t  was  e s t i m a t e d  to  be  a t  d a y  6.6, 
w i t h  r/2 of 0.43 and  p a r a m e t e r  e s t i m a t e s  B/O = 0.3463, 
B/1 = 0.3463, B/1 = 0.0711, B/2 = 0.0208 a n d  B/3 = 
0.0078. Fo r  D H A ,  t h e  k n o t  was  e s t i m a t e d  to  be  a t  d a y  
6.3, w i t h  r/2 of 0.22, a n d  p a r a m e t e r  e s t i m a t e s  B/O = 
0.6604, B/1 = 0.1974, B/2 = 0.0851 and  B/3 = 0.0115. Fo r  
t o t a l  n-3 V L C - P U F A  (EPA + D P A  + D H A )  con ten t ,  t h e  
k n o t  was  e s t i m a t e d  to  be  a t  d a y  6.3, w i t h  r/2 of 0.35, and  

TABLE 1 

Dietary Intake of n-3 Fatty Acids a 

n-6/n-3 
18:3n-3 20:5n-3 22:5n-3 22:6n-3 ratio 
(mg/d) (rag/d) (rag/d) (mg/d) (mg/d) 

M e a n •  SD 1027 • 352 3 1 •  42 7 • 3 82 • 106 9 • 2 
Range 760-1574 4-103 4-10 18-267 6-11 
+FO 1086 1120 22 864 3 

aValues are based on 6 d of food record analysis. +FO denotes in- 
creased intake with fish oil supplementation. SD, standard 
deviation. 

TABLE 2 

Fatty Acid Composition of Human Milk Before and After 
Supplementation with Fish Oil a 

Fat ty  acids Day 1 Day 21 

12:0 4.8 • 1.9 5.4 • 2.0 
14:0 5.3 • 1.5 6.5 • 1.6 
16:0 20.6 • 2.3 21.2 • 3.0 
16:1 2.9 • 0.7 2.8 • 0.7 
18:0 6.5 • 1.6 .8 • 1.5 
18:1 38.6 • 3.1 35.0 • 2.5 
18:2n-6 13.0 • 1.7 12.5 • 3.0 
18:3n-6 0.15 • 0.07 0.15 • 0.12 
18:3n-3 0.77 • 0.12 0.76 • 0.23 
20:1 0.67 • 0.20 0.73 • 0.11 
20:2n-6 0.39 • 0.12 0.23 • 0.05 
20:3n-6 0.55 • 0.16 0.45 • 0.26 
20:4n-6 0.67 • 0.11 0.52 • 0.10 
20:5n-3 0.08 • 0.04 0.50 • 0.12 b 
22:1 0.20 • 0.06 0.18 • 0.05 
22:4n-6 0.24 • 0.16 0.21 • 0.15 
22:5n-3 0.14 • 0.05 0.34 • 0.08 b 
22:6n-3 0.37 • 0.26 0.70 • 0.12 b 

Total polyunsaturated 16.5 • 1.6 16.5 - 3.2 
Total saturated 37.2 _+ 3.6 39.9 __- 3.8 b 
P/S ratio 0.45 • 0.08 0.42 _ 0.12 
Total n-6 15.0 - 1.5 14.1 _ 2.9 
Total n-3 1.4 _ 0.4 2.3 _ 0.5 
n-6/n-3 ratio 11.0 __- 2.7 6.1 • 1.0 
Total monounsaturated 42.4 __. 2.9 38.6 • 2.7 b 
Total n-6 VLC-PUFA 1.85 - 0.34 1.42 • 0.29 b 
Total n-3 VLC-PUFA 0.59 - 0.35 1.55 __ 0.29 b 
n-3/n-3 VLC-PUFA ratio 3.60 • 1.10 0.96 • 0.30 b 

aValues are dally mean wt% • SD (n = 5). P/S, polyunsatu- 
rated/saturated ratio. VLC-PUFA, very long-chain-polyunsaturated 
fatty acids. 

bValues are significantly different by nonlinear regression analysis. 

p a r a m e t e r  e s t i m a t e s  B]O = 1.446, B/1 = 0.4450, B/2 = 
0.1858 a n d  B/3 = 0.0263. U n i v a r i a t e  a n a l y s i s  s u p p o r t e d  
the  hypo thes i s  t h a t  there  was  no s ign i f ican t  change  to  the  
r i g h t  of t h e  knot .  

F i g u r e  1E is t h e  p lo t  of t o t a l  n-6 V L C - P U F A  (20:2 + 
20:3 + 20:4 + 22:4) c o n t e n t  d u r i n g  t h e  s tudy.  The  decl ine  
in n-6 f a t t y  ac id  c o n t e n t  was  b e s t  d e p i c t e d  u s i n g  a cubic-  
l inea r  sp l ine  m o d e l  b e c a u s e  levels  c o n t i n u e d  to  dec rease  
s i gn i f i c a n t l y  to  t he  r i g h t  of t h e  k n o t  (P = 0.004). Non-  
l inear  e s t i m a t i o n  of t h e  k n o t  was  d a y  6.5, w i t h  r/2 of 0.30. 
The  e q u a t i o n  for t h e  cubic- l inear  m o d e l  is: 

wt% = B/O + BI1 (Day L) + BI2U + b/3W + E [2] 
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FIG. 1. Fatty acids in human milk during fish oil supplementation, 
plot of spline fit over raw dat~ A. Eicosapentaeuoic add (EPA), cubi~ 
constant spllne, assumed knot 6; B. Docosapentacuoic acid (DPA), 
cubic-constant spline, assumed knot 7; C. Docosahexacuoic acid 
(DHA), cubic-constant spline, assumed knot 6; D. Total n~ very long- 
chain polymmatumted fatty acid (VLC-PUFA), cubit-constant spline, 
assumed knot 6; E. Total n4~ VLC-PUFA, cubit~lincur splins, assumed 
knot 7. 

where  D a y  L = (day-7), U = [(Day 7) 2 - (day-7)+2], w = 
[(Day-7) 3 - (Day-7)+3]. P a r a m e t e r  e s t i m a t e s  for t h i s  
m o d e l  are  B/O = 1.635, B/1 = 0.0179, B/2 = 0.0260 a n d  
B/3 --  0.0039. 

n.3 PUFA composition of milk sampled at four,hour in- 
tervals. F i g u r e  2 r e p r e s e n t s  t he  c h a n g e  in t o t a l  n-3 LC- 
P U F A  c o n t e n t  of  mill~ m e a s u r e d  a t  4-h i n t e rva l s  on days  
1, 7, 14 and  21. T ime  0 is  t he  base l i ne  level p r io r  to  tak-  
i ng  t h e  f i sh  off capsu le s  for  t h a t  day. S a m p l e s  were t h e n  
t a k e n  a t  4, 8, 12 and  16 h p o s t s u p p l e m e n t a t i o n .  On  d a y  
1, LC n-3 P U F A  c o n t e n t  of t h e  mill~ was  s i g n i f i c a n t l y  in- 
c r ea sed  (P = 0.0001) b y  8 h p o s t s u p p l e m e n t a t i o n ,  and  
peak  increases  were obse rved  a t  12 1~ The  increase  in mi lk  
LC n-3 P U F A  r e s u l t i n g  f rom f i sh  oil i nges t ion  c o n t i n u e d  
on days  7 (P = 0.02), 14 (P = 0.007} and  21 (P = 0.001). 

,~.0. 

2.5, 
2,01 
1.5i 
1.o 

o.g 

o.o 
0 

I i i i 
4 8 12 16 

Time (hc~r~) Posf Fish Oil Ingestion 

FIG. 2. Total n-3 polyunsaturated fatty acids (PUFA) content of 
human milk measured at fou~hour intervals postsupplementation. 
Curves represent mean values (n -- 5). 

Erythrocyte fatty acid compositior~ The change  in f a t t y  
ac id  c o m p o s i t i o n  of m a t e r n a l  e r y t h r o c y t e s  is  shown in 
Table 3. S ign i f i can t  inc reases  were o b s e r v e d  for  E P A  
(583%) a n d  D P A  (150%) and  for t o t a l  n-3 P U F A  (148%) 
con ten t s .  The  n-6/n-3 f a t t y  ac id  r a t i o  was  s i g n i f i c a n t l y  
dec reased  (77%) a f te r  f ish  oil s u p p l e m e n t a t i o n .  A l t h o u g h  
the re  was  a t r e n d  t o w a r d  inc reased  D H A  c o n t e n t  (124%), 
t h i s  was  n o t  s t a t i s t i c a l l y  s ign i f i can t .  No  s ign i f i c an t  
changes  were obse rved  for t he  o the r  f a t t y  ac ids  ana lyzed .  

I n f a n t  e r y t h r o c y t e  f a t t y  ac id  c o m p o s i t i o n  is shown in 
Table 4. S u p p l e m e n t a t i o n  r e su l t ed  in s i gn i f i c an t l y  in- 
c reased  E P A  (636%) a n d  D P A  (260%) con ten t ,  dec r ea sed  
n-6/n-3 f a t t y  ac id  r a t io  (78%}, a n d  no  change  in D H A  con- 
t e n t  (136%), s imi la r  to  m a t e r n a l  changes .  

Maternal platelet aggregatior~ M a t e r n a l  p l a t e l e t  ag- 
g r ega t i on  was  m e a s u r e d  in r e sponse  to  1, 2 and  4 ~M con- 
c e n t r a t i o n s  of  ADP.  S imi l a r  r e su l t s  were o b t a i n e d  a t  all  
A D P  concen t r a t i ons .  A l t h o u g h  the re  was  no s i gn i f i c an t  
difference be tween  m e a n  m e a s u r e m e n t s ,  some  changes  in 
r e sponse  to  f i sh  oil  s u p p l e m e n t a t i o n  were no ted .  M e a n  
t o t a l  a g g r e g a t i o n  response  (%) to  4 ~M A D P  was  85 +_ 12 
on d a y  0, and  78 +- 3 on  d a y  21. Total  a g g r e g a t i o n  de- 
c r eased  21% in s u b j e c t  1, 7% in s u b j e c t  2, 12% in s u b j e c t  
4, 5% in s u b j e c t  5, and  i nc r ea sed  10% in s u b j e c t  3. M e a n  
t ime  to reach  50% a g g r e g a t i o n  was  24 _ 5 s on d a y  0 a n d  
33 +_ 12 s on d a y  21. T ime  to  r each  50% a g g r e g a t i o n  
d o u b l e d  a f t e r  s u p p l e m e n t a t i o n  in s u b j e c t s  1 and  2, whi le  
s u b j e c t s  3 - 5  showed l i t t l e  or  no change.  

Tocopherol content of human milk and plasma~ N o  
s ign i f i can t  d i f ferences  were o b s e r v e d  in t h e  tocophero l  
con ten t  of h u m a n  mi lk  or  p l a s m a  f rom mo the r s  or  in fan t s  
m e a s u r e d  before  a n d  a f t e r  t h e  s u p p l e m e n t a t i o n  per iod .  
M e a n  a- a n d  7- tocopherol  c o n t e n t s  of mi lk  and  p l a s m a  are  
l i s t ed  in Table  5. 

TABLE 3 

Change in Maternal Erythrocyte Fatty Add Composition After Fish 
Oil Supplement a 

Fat ty  acids Day 0 Day 21 

14:0 1.7 4- 2.4 0.5 ___ 0.2 
16:0 22.3 +_ 2.5 20.4 _+ 1.1 
16:1 1.0 + 1.1 0.1 4- 0.1 
18:0 13.0 +_ 2.2 14.3 + 1.3 
18:1 20.1 +_ 6.7 17.2 _ 2.1 
18:2n-6 8.2 +_ 2.6 9.6 __ 1.2 
18"3n-3 0.09 +_ 0.06 0.03 - 0.04 
20:1 0.45 +_ 0.11 0.43 + 0.15 
20:2n-6 0.45 +_ 0.40 0.26 _+ 0.06 
20:3n-6 1.4 +_ 0.54 1.5 _ 0.38 
20:4n-6 12.9 +_ 5.2 14.6 + 1.3 
20:5n-3 0.24 -4-_ 0.16 1.4 _+ 0.37 b 
22:1 0.35 -- 0.34 0.53 4- 0.35 
22:4n-6 3.8 + 1.4 4.1 ___ 0.3 
22:5n-3 1.4 _+ 0.5 2.2 4- 0.3 c 
22:6n-3 4.5 _+ 1.7 5.6 + 1.1 

Total PUFA 32.9 _ 11.3 39.2 +_ 1.4 
Total n-6 26.7 __ 9.2 30.0 +- 0.76 
Total n-3 6.2 _+ 2.2 9.2 +_ 1.6 c 
n-6/n-3 ratio 4.3 4- 0.28 3.3 _+ 0.56 b 

aValues are mean wt% + SD (n -- 5). PUFA, polyunsaturated fatty 
acids. 

bSignificantly different from day 0 (P = 0.05). 
cSignificantly different from day 0 (P = 0.01). 

LIPIDS, Vol. 27, no. 11 (1992) 



EFFECT OF FISH OIL ON MILK AND ERYTHROCYTE FA 

867 

TABLE 4 

Change in Infant Erythrocyte Fatty Acid 
Composition After Fish Oil Supplement a 

Fatty acids Day 0 Day 21 

14:0 2.6 +_ 3.7 0.84 + 0.53 
16:0 23.8 +_ 3.1 20.9 _+ 0.95 
16:1 0.98 + 1.3 0.16 + 0.22 
18-0 14.2 +_ 1.5 15.4 _+ 1.5 
18:1 18.7 + 6.0 15.2 + 1.7 
18:2n-6 5.6 +_ 1.9 7.9 -+ 0.33 
18:3n-3 0.11 +-- 0.15 -- 
20:1 0.26 +_ 0.15 0.49 _+ 0.08 
20:2n-6 0.81 +-- 0.22 0.58 --+ 0.10 
20:3n-6 1.7 +_ 0.67 1.7 _ 0.21 
20:4n-6 13.0 +_ 6.2 15.0 _+ 1.5 
20:5n-3 0.11 +_ 0.06 0.70 _+ 0.34 b 
22:1 0.49 +_ 0.33 0.47 _ 0.44 
22:4n-6 3.4 +_ 1.7 3.6 _+ 0.63 
22:5n-3 0.30 +_ 0.15 0.78 _+ 0.13 c 
22:6n-3 4.5 +_ 2.2 6.1 + 1.2 

Total PUFA 29.5 +_ 12.6 36.4 + 3.3 
Total n-6 24.5 +_ 10.4 28.8 _+ 1.9 
Total n-3 5.1 + 2.2 7.6 __ 1.5 
n-6/n-3 ratio 5.0 +_ 0.55 3.9 + 0.66 b 

aValues are mean wt% __ SD (n ---- 5). PUFA, polyunsaturated fatty 
acids. 

bSignificantly different from day 0 (P = 0.05). 
cSignificantly different from day 0 (P = 0.01). 

DISCUSSION 

This s tudy assessed the changes in human milk and 
maternal and infant erythrocytes in response to dally fish 
oil supplementation. 

Analysis of human milk during fish oil supplementa- 
tion. Fat ty  acids with chain lengths greater than C16 are 
derived from the diet and mobilized from adipose tissue 
stores. Because maternal weight remained stable during 
the study, it is assumed tha t  the majori ty of milk fa t ty  
acids were derived from dietary sources (46}. 

In  milk sampled at 4-h intervals on day 1, the n-3 VLC- 
PUFA content increased within 8 h after ingestion of the 
supplement. Peak levels occurred by 12 h and began to 
decline by 16 h. These results are in agreement with the 
findings of Hachey et al. (47) tha t  peak fa t ty  acid enrich- 
ment of breast milk occurred 8 to 10 h after consuming 
a labeled triglyceride meal. 

Evidence indicates tha t  the fa t ty  acid composition o f  
human milk does not exhibit diurnal variation (48-50). In 
the present study, samples taken at 4-h intervals had a 
significant rise in n-3 VLC-PUFA levels at  8 and 12 h 
postsupplementat ion on all days tested (see Fig. 2). I t  is 
not  clear whether this within-day variation would persist 
if an equivalent level of n-3 VLC-PUFA was consumed in 
the form of a fish meal, or what  effect smaller doses 
throughout  the day would have on this variation. This 
observation is important to consider when planning a sup- 
plementation trial or comparing results between studies. 
Consistency in t iming of sample cofiection is necessary 
for appropriate assessment and analysis of results. 

Only one s tudy has previously examined the change in 
fa t ty  acid composition of human milk during fish oil sup- 
plementation. Harris et al. (28) supplemented 6 lactat ing 
women with 5 g of fish oil per day for 28 d. Samples were 
taken at only three time points, on days 0, 14 and 28. The 
authors also studied the effect of higher intakes for 
shorter time periods, again collecting only baseline, mid, 
and endpoint milk samples. Dose response-related in- 
creases were noted. 

In the present study, daily milk samples were collected 
in order to formulate a model to characterize the change 
in fa t ty  acid composition over the course of the sup- 
plementation period. The n-3 VLC-PUFA content in- 
creased most  rapidly during the first and second day of 
supplementation, with smaller daily increases occurring 
between days 2 and 7. The n-3 VLC-PUFA content re- 
mained constant  after day 7, at which point daily intake 
of the supplement served to maintain milk levels. There 
was a reciprocal decline in the n-6 VLC-PUFA content  of 
the milk as n-3 fat ty acid levels increased. Apparently, the 
synthesis and/or t ransport  of n-6 VLC-PUFA were de- 
creased by increased n-3 VLC-PUFA intak~ 

There was a decline in monounsaturated fat ty acids and 
a significant increase in saturated fa t ty  acids during the  
s tudy period. These fa t ty  acids did not  exhibit response 
curves or knot  estimates similar to those of the n-6 or n-3 
fa t ty  acids. Thus, it is not  clear whether these changes 
were related to the supplementation trial or due to other 
factors, such as the stage of lactation. There is some 
evidence tha t  14:0 is increased, and 18:1 is decreased as 
lactation progresses (51), al though Clark et al. (38) found 
that  the fa t ty  acid composition of mature milk remains 
constant  between 2 and 16 wk postpartum. 

Data  from various studies indicate tha t  human milk 
usually contains 0.03-0.2% EPA, trace-0.5% DPA and 

TABLE 5 

Tocopherol Status Before and After Fish Oil Supplement a 

a-Tocopherol y-Tocopherol 

Sample Day 0 Day 21 Day 0 Day 21 

Human milk 
(~g/L) 1779 __ 804 1592 +_ 522 886 +_ 290 1032 +__ 439 

Maternal plasma 
(~g/mL) 1.50 _ 0.6 1.49 _ 1.1 3.75 +_ 1.1 3.48 _ 1.0 

Infant plasma 
(~g/mL) 1.71 _ 1.9 4.17 _ 3.0 1.72 _+ 0.3 2.06 + 0.7 

aValues are mean +_ standard deviation (SD) (n -- 5). 
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0.1-0.6% DHA (17,19,20,52). The present study is the first 
to calculate the dietary intake of n-3 VLC-PUFA. Our data 
show that mean breast milk composition from women con- 
suming about 1 g of total n-3 PUFA, with 120 mg from 
n-3 VLC-PUFA, was 0.08% EPA, 0.14% DPA and 0.37% 
DHA. 

A comparison of the n-3 fatty acid composition of 
human milk from women supplemented with fish off (29) 
to milk from Inuit women naturally consuming increased 
levels of n-3 VLC-PUFA (28) indicates that  supplementa- 
tion with over 10 g of fish oil is necessary to produce n-3 
VLC-PUFA levels comparable to those found in Inuit 
breast milk. Recommendations to increase fish consump- 
tion to this level are impractical in our society, and the 
optimal level for health benefits and infant development 
may not need to be this high. Studies regarding the ef- 
fect of maternal dietary changes on infant tissue fatty acid 
composition are crucial to determine dietary requirements 
for lactating women as well as for moklng appropriate 
recommendations regarding the composition of infant 
formulas. 

E r y t h r o c y t e  f a t t y  acid composi t ion.  This study was the 
first to exsm~ne the change in fat ty acid composition in 
response to maternal fish oil supplementation. It  is in- 
teresting to note the large increase in EPA, the doubling 
of DPA, with no significant change in DHA content 
(Tables 3 and 4). There was no change in the n-6 fatty acid 
compositiorL These findings are in agreement with studies 
in adults, where fish or fish oil consumption resulted in 
a much greater increase in EPA than DHA in erythrocyte 
phospholipids, while 18:2n-6 and 20:4n-6 did not change 
or decreased only slightly (32). 

The high level of DHA found in brain and retinal phos- 
pholipids is thought to be important to the physical prop- 
erties of membranes in these tissues. The membrane con- 
tent of DHA is tenaciously maintained in the face of defi- 
ciency (5). Subjects in this study consumed only 33% more 
EPA than DHA and a small amount (22 rag) of DPA per 
day (Table 1). The lack of increase in DHA content, with 
correspondingly large increases in EPA and DPA, sug- 
gests that retroconversion of DHA to EPA and DPA may 
be occurring. This phenomenon has been demonstrated 
in platelet phospholipids (53) and is suggesetive of a 
regulatory mechanism which controls the level of DHA 
in cell membranes. 

Increased tissue content of EPA is thought to be an im- 
portant modulator of eicosanoid metabolism with poten- 
tial cardiovascular benefits. The level required to confer 
such benefits without adverse effect remains uncertain. 

M a t e r n a l p l a t e l e t  aggregat ion response  This is the first 
study to examine platelet aggregation in lactating womerL 
Total aggregation response was similar to the mean of 
78 + 11% observed by Roper et  o3, (54) in 51 females. Some 
changes in platelet responsiveness were noted, although 
mean differences were not statistically significant. De- 
creased aggregation response was expected based on 
previous studies using similar dosages of fish oil for 3-4 
wk (55,56), although Boberg et  as (57) also found no 
significant difference in ADP-induced platelet aggregation 
response after fish oil supplementation. The clinical rele ~ 
vance of the changes observed in this study remains to 
be determined. 

Tocopherol con ten t  o f  diets, m i l k  and p l a s m ~  Although 
dietary vitamin E was found to be below the recom- 

mended daily allowance (RDA) of 12 mg during lactation, 
only the a-tocopherol content of foods was calculated for 
this study, thus there was an underestimate of dietary 
tocopherol intake As the tocopherol content of foods and 
daffy intakes are widely variable and the available data- 
bases are incomplete with regard to the tocopherol con- 
tent of foods, it is difficult to truly assess the adequacy 
of vitamin E intake in this study. Others have also found 
dietary intake to be below the RDA for vitamin E {58,59}, 
although subjects maintained adequate plasma levels of 
vitamin E (59}. 

The tocopherol content of the milk sampled in this 
study was within the range observed by others {60-62}. 
Maternal plasma a-tocopherol levels were lower than levels 
observed by others {63,64}. This may be a manifestation 
of the low dietary intake noted in this study. Alternately, 
data regarding plasma tocopherol status during lactation 
are lacking, and levels may be different from nonlactating 
women. Infant plasma tocopherol was also somewhat 
lower than the 6.89 ~g/mL observed in 4-15 d-old infants 
(65), despite comparable milk levels. 

As no changes in tocoperhol levels were noted, this sug- 
gests that  vitamin E deficiency is not induced by fish oil 
supplementation. However, fish oil supplementation pro- 
vided mothers with an additional 6 mg of vitamin E per 
day, and the significance of this contribution to dietary 
intake was not determined. Knapp e t  al. (66) also found 
no change in serum a-tocopherol during fish oil supple- 
mentation. 

Conclusion. Maternal fish oil supplementation increased 
the n-3 VLC-PUFA and decreased the n-6 VLC-PUFA con- 
tents of human milk. One week was required to reach 
steady state levels. Increases in milk n-3 VLC-PUFA were 
observed within 8-h postsupplementation, and a diurnal 
variation existed throughout the study. Maternal and in- 
fant erythrocyte fat ty acid compositions were similarly 
affected with significant increases in EPA and DPA but 
no change in DHA or n-6 PUFA contents. No differences 
in mean tocopherol values or maternal platelet aggrega- 
tion responses were noted. 
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