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Abstract For those individuals who are unable to con-
sume adequate long chain omega-3 fatty acids (LCn3) from
dietary sources, fish oil supplementation is an attractive
alternative Pre-emulsified fish oil supplements, an alterna-
tive to capsular triacylglycerol, may enhance the uptake of
LCn3 fatty acids it contains. A randomized, Latin-square
crossover design was used to compare the effects of four
fish oil supplement preparations (Emulsions S, B and N)
on phospholipid fatty acid (PLFA) concentrations in ten
healthy volunteers compared to oil capsules over 48 h after
a single dose and chylomicron fatty acid (CMFA) was
evaluated over 8 h. Blood samples were collected at 0, 2,
4, 8, 24 and 48 h and fatty acid concentrations of PLFA
and CMFA were determined by gas chromatography and
the integrated area under the curve over 40 h (AUC, 45)
was determined. Emulsion S and Emulsion N promoted
increased uptake of EPA into PLFA over 48 h when evalu-
ating by ;AUC, 45 or individual time points of assessment.
No differences were observed between supplements in the
CMFA concentrations.
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Abbreviations

DHA  Docosahexaenoic acid

EPA Eicosapentaenoic acid

PLFA  Phospholipid fatty acid

CMFA Chylomicron fatty acids

LCn3  Long chain omega-3 fatty acids
Introduction

The long chain n-3 (LCn3) fatty acids eicosapentaenoic
acid (20:5n3, EPA) and docosahexaenoic acid (22:6n3,
DHA) are provided by a diet high in fish and shellfish.
Adequate levels of intake are associated with reduced risk
reduction for cardiovascular and other disease states [1-6].
Current consumption levels in the US are well below rec-
ommended intake levels [7]. For those individuals who are
unable to consume adequate LCn3 from dietary sources,
fish oil supplementation is an attractive alternative.

The majority of fish oil supplements are available as cap-
sular triacylglycerol but flavored emulsified lipid prepara-
tions have become available to provide an alternate approach
to fish oil delivery. Pre-emulsification of fish oil supple-
ments may enhance the uptake of the LCn3 fatty acids that
they contain. Emulsification increases the lipid surface area
thereby allowing enhanced digestion of the triacylglycerol
by lingual and gastric lipase [8, 9]. Emulsified fish oil sup-
plements are available as oil suspended in water (o/w) or
water suspended in oil (w/o) with or without the inclusion
of emulsifying agents [9]. When emulsified, the lipid droplet
form and size as well as the chemical composition of the oil
and water interface may directly affect the kinetics of lipid
digestion and absorption [10, 11]. Supplements containing
emulsified fish oil have added flavoring and may therefore
have some taste advantage affecting acceptance.
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The goal of the present study was to compare the absorp-
tion over 48 h of three emulsified fish oils and a capsular
triacylglycerol fish oil supplement. We hypothesized that
emulsified fish oils would promote enhanced uptake of
LCn3 fatty acids into CMFA and PLFA after intake of one
dose. The bioavailability of fish oil is generally evaluated
by assessing either plasma phospholipid fatty acids (PLFA)
or erythrocyte fatty acids after intake. As chylomicrons are
responsible for the uptake of fatty acids directly from the
gut to the periphery [12, 13] they were also examined in this
investigation. A randomized, Latin-square crossover design
was used to compare the effects of four fish oil supplement
preparations on PLFA and chylomicron triacylglycerol fatty
acid (CMFA) concentrations in ten healthy volunteers after
a single dose of supplement. Reported here are the PLFA
responses over 48 h and the CMFA responses over 8 h.

Methods
Experimental Protocol

This randomized controlled study was conducted at the
USDA, ARS, Grand Forks Human Nutrition Research Center
(GFHNRC), Grand Forks, ND. Approval for the study was
obtained from the Institutional Review Board of the Univer-
sity of North Dakota. Informed consent was obtained from all
study participants prior to initiation of the study. The study
was registered at www.clinicaltrials.gov as NCT01488747.

A randomized, Latin-square crossover design was used to
compare the effects of four fish oil supplement preparations
on PLFA and CMFA concentrations in ten healthy volunteers
over 48 h after a single dose of supplement. For each sup-
plement being tested, participants provided a fasting baseline
blood sample at times zero after an overnight fast of >10 h
after which they received a single dose of the assigned treat-
ment with a low-fat breakfast (<10 % en). Additional blood
samples were obtained at 2, 4, and 8 h. Participants were fed a
low fat meal (<10 % en) at 6 h. Following the 8 h blood draw,
participants were able to leave the research center and then
return for both a 24 and 48 h fasting blood sample collection.
During that time they were asked to consume a low fat diet
devoid of any LCn3 food sources with detailed instructions
provided by a dietitian. A 1-2 week wash out period was
completed before the following treatment. This process was
followed until all four treatments were completed.

Study Participants
Healthy volunteers were recruited from the Greater Grand
Forks area for study participation. Inclusion criteria for

participation included an age of 18—60 years, a body mass
index (BMI) between 22 and 32 kg/mz, and a medical

& springer AOCS &

Screened for Participation (n=46)

Excluded (n=27)

Not meeting inclusion criteria (n=12)
» Declined to participate (n=9)
Couldn’t Reach (n=3)

No Show (n=3)

A4

Allocated to intervention (n=19)
Withdrew from study prior to
treatment (n=9)

Completed Study and Analysed (n=10)

Fig. 1 Flow diagram of participants from screening to data analysis

history demonstrating good health. Interested volunteers
applied via an online application (http://www.ars.usda.
gov/pa/gthnrc) which screened for overall eligibility (age,
body weight, use of medications). Potential participants
who passed the online screening were contacted to attend a
screening visit at the Grand Forks Human Nutrition Center
(GFHNRC) for further eligibility evaluation by the comple-
tion of a health questionnaire, assessment of medication/
supplement use, and determination of dietary or supple-
mental intake n-3 fatty acids. Volunteers were excluded if
they had an active, uncontrolled medical condition, used
any omega-3 supplement (fish and flax oils or flaxseed)
within the past 6 months, were talking any lipid lower-
ing medications, or reported the consumption of >1 fish
meal per week. Figure 1 illustrates the flow of participants
through the trial from initial screening through study com-
pletion. Ten healthy women (n = 7) and men (n = 3) with a
mean age of 34.0 + 4.4 years and BMI of 26.1 £ 1.0 kg/m?
were included in the trial.

Supplement Treatments

The four supplements used in the trial were commercially
available fish oil supplements including one capsular tria-
cylglycerol (oil capsules; Nordic Naturals), and three emul-
sified products [Emulsion N (Coromega Nectar), Emul-
sion S (Coromega Omega-3 Squeeze), and Emulsion B
(Barlean’s Omega Swirl)]. Emulsion S is an oil in water
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Table 1 Fatty acid content (mg) of supplement doses

Supplement Nordic naturals omega-3 Coromega omega-3 squeeze Coromega nectar Barlean’s omega swirl®
(oil capsules) (emulsion S) (emulsion N) (emulsion B)

Dose 4-1000 mg softgel capsules 503¢g 12.22 g (12.22 mL) 17.48 g (17.45 mL)
Saturated

12:0 0 28 33 42

14:0 20 249 302 435

16:0 57 600 696 907

18:0 56 141 160 210
Monounsaturated

18:1 n-9 109 370 406 575
Polyunsaturated

18:2 n-6 52 140 147 209

18:3 n-6 11 27 32 47

20:4 n-6 42 57 57 68

18:3 n-3 28 47 57 83

20:5 n-3 660 660 660 660

22:5n-3 92 90 104 141

22:6 n-3 440 434 436 660
20:5n-3 4 22:6n-3 1100 1094 1096 1320
Total n-3 1380 1222 1283 1781

* Emulsion B contains a larger amount of DHA; treatments were matched on EPA

emulsion with pasteurized egg yolk as the emulsifying
agent. Emulsion N and Emulsion B are gel emulsions in
which oil is dispersed in a gel suspension (xanthine gum,
gum Arabic and/or guar gum) in water.

The fatty acid content of the doses provided to partici-
pants is shown in Table 1. Dosing was based on our pre-
vious work [14] and supplements were matched on the
content of EPA. The oil capsules and Emulsions N and S
contained comparable quantities of DHA while Emulsion
B contained ~50 % more.

Laboratory Methods
Plasma Fatty Acids

Blood samples were collected by venipuncture at 0, 2, 4, 8,
24 and 48 h in tubes containing EDTA. Plasma was prepared
by low-speed centrifugation at 4 °C. Plasma samples were
stored at —80 °C until analyzed. Immediately after sample
collection, chylomicrons were isolated by centrifugal flota-
tion through d = 1.006 saline by centrifugation [17]. Chy-
lomicron samples were stored at —80 °C until analyzed.
Phospholipid fatty acid analysis was performed by gas
chromatography (Shimadzu GC-2010, Shimadzu Medi-
cal Systems, Torrence, CA) as previously described [15].
Lipids were extracted from the plasma samples using
chloroform:methanol (2:1, by vol.) according to the method
of Folch et al. [16]. A known amount of internal standard

(phosphatidyl choline di-heptadecanoic acid) was added to
each sample prior to extraction to quantitate recovery and
plasma lipid concentration. Phospholipids were separated
from neutral lipids by thin-layer chromatography by develop-
ing total lipid spotted silica gel plates in petroleum ether, die-
thyl ether, acetic acid (80/20/1). Lipid bands were identified
under ultraviolet light after being sprayed with 0.1 % dichlor-
ofluorescein in methanol. Fatty acid methyl esters of the lipid
classes were formed by transesterification with boron trif-
luoride (12 %) in excess methanol (Supelco, Bellefonte, PA).
All results are presented as pg/mL of fatty acids.

Chylomicron fractions were directly esterified with
boron trifluoride (12 %) in excess methanol (Supelco,
Bellefonte, PA) and fatty acids were determined by gas
chromatography as above. All results are presented as
pg/mL of fatty acids.

Supplement Fatty Acid Anaylsis

The method of Folch et al. [16] was used to isolate the fish
oil component of each supplement. Fish oil samples with
nonadecanoic acid internal standard were esterified in 2 mL
of 5 % acetylchloride solution in anhydrous methanol for
2 h at 80 °C [17]. The reaction was quenched with 0.5 mL
of saturated sodium bicarbonate solution and fatty acid
methyl esters were extracted into hexane for analysis. Sam-
ples were prepared and analyzed in triplicate; fatty acid
content was normalized to the mass of supplement.
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Samples were analyzed by gas chromatography
(Thermo Trace-1310, Thermo Fisher Scientific, Waltham,
MA, USA) with a Supelco SP-2560 capillary column
(75 m, 0.18 mm ID, 0.14 pm film thickness. Samples were
injected into a split/splitless injector held at 250 °C with a
column flow of 2 mL/min and running a 100:1 split. The
oven temperature profile was adapted from Masood et al.
[18]: 150 °C held for 0.25 min, ramped at 35 °C/min to
200 °C, then ramped at 8 °C/min to 225 °C, held at 225 °C
for 3.20 min followed by a 80 °C/min ramp to 245 °C,
where the oven was held for 4 min. Analytes were detected
using a flame ionization detector held at 250 °C.

Statistical Analysis

Sample size was estimated utilizing data from a previ-
ous bioavailability study by the investigators [14]. Area
under the curve (AUC) data for EPA integrated over 48 h
for treatment emulsified and capsular triacylglycerol fish
oils were, respectively, 26.9 £ 8.9 and 15.1 £ 52 % h
(mean £+ SD) with a within-subject SD = 5.2. Using
a within-subject SD of 6 and a = 0.05, a crossover trial
which includes four treatments required ten subjects to
achieve >85 % power to detect a difference in EPA AUC
of 10 % h between the capsular fish oil and one of the
three emulsified fish oils. We therefore included ten volun-
teer participants in this trial.

For plasma phospholipid and chylomicron fatty acids
area under the curve (AUC) from time O through 8, 24 or
48 h (AUC g, AUCy 4 1, AUC 45 1,) Was calculated for
each subject for each treatment for EPA, DHA, total n-3
and the n-6:n-3 ratio. In addition, the incremental area
under the curve for 0-48 h ((AUC, 45) was calculated by
correcting for baseline (time 0) values.

The mixed-models procedure (Proc MIXED) in SAS
was used to test for effects of the four treatments on the
changes from baseline and the AUCs. Subjects were con-
sidered random effects and treatment was the fixed effect.
Tukey contrasts were used for post hoc comparisons of
the four treatment groups. Data are presented as percent-
age, mean = SEM, or AUC ¢ ., AUC( 54, and AUC,_yg ..
All statistical analyses were performed using SAS Version
9.4 (SAS Institute, Inc., Cary, NC). A p value of <0.05 was
considered statistically significant.

Results

Plasma Phospholipid Fatty Acids

Plasma PLFA content of participants (ug/mL; mean &= SEM)
at baseline for emulsified and capsular fish oil supplement

treatments are presented in Table 2. No statistically sig-
nificant differences were observed in baseline PLFA levels

Table 2 Baseline plasma

phospholipid fatty acid content
(ug/mL; mean £ SEM) of
participants for each of the four

Fatty acids

Baseline (ug/mL)

Oil capsules

Emulsion S

Emulsion N

Emulsion B*

treatments Saturated 542.09 + 47.37 542.00 & 37.26 552.41 £ 36.97 558.23 £ 40.10
12:0 0£0 00 0+0 00
14:0 4.57 £0.82 4.22 +0.50 5.19 £0.53 4.92 +0.53
16:0 336.66 £ 34.09 334.10 &+ 26.79 341.44 +£27.29 346.84 +26.86
18:0 174.16 = 11.98 180.68 £ 11.18 180.72 + 11.57 181.33 £13.52

Monounsaturated 160.16 = 11.36 154.84 £9.13 161.06 + 6.57 156.66 £ 8.25
18:1 n-9 129.23 £ 9.45 127.71 £ 7.66 132.38 +5.63 129.63 £ 6.99
Polyunsaturated 562.58 +43.22 557.83 £33.93 576.24 + 38.68 575.90 &+ 39.20

18:2 n-6 301.95 +£21.83 307.09 + 18.17 312.48 £ 16.56 305.90 &+ 23.28
18:3 n-6 1.59 £0.36 1.64 £ 0.29 2.06 = 0.40 2.54 £0.53
20:4 n-6 148.64 £ 13.55 142.96 £ 11.38 147.87 £ 14.32 151.93 £ 12.18
Total n-6 506.82 + 37.25 504.31 +29.84 519.33 4+ 34.62 517.81 £+ 35.09
18:3n-3 332£044 297 £0.32 3194+ 025 2954043
20:5n-3 8.07 £1.33 6.93 + 1.15 835£1.25 9.16 + 1.84
22:5n-3 10.53 £ 0.79 11.30 £ 0.93 11.12 +1.03 11.39 £ 1.31
22:6 n-3 29.91 £+ 4.56 28.39 + 3.68 29.89 +4.18 30.49 +£3.82
Total n-3 53.96 + 6.68 51.81 £5.24 54.79 £5.27 56.61 £ 5.96
n-6/n-3 10.00 & 0.69 10.29 + 6.70 9.90 £ 0.64 9.76 + 0.80
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Fig. 2 Change from base- a EPA
line concentration (ug/mL; 15-
mean + SEM) of plasma
phospholipid EPA (a), DHA
(b), Total n-3 (¢) and n-6:n-3
(d) over 48 h in healthy adults
(n = 10) receiving a capsular or
emulsified fish oil supplement
at time 0. Emulsion B contains
a larger amount of DHA; treat-
ments were matched on EPA;

ug/mL

b DHA
15+

ug/mL

*p <0.05

ug/mL

between treatments demonstrating that participants returned
to baseline levels before each treatment was administered.

Changes from baseline (ug/mL £ SEM) at each time point
over 48 h for plasma PLFA content of EPA, DHA, Total n-3,
and n-6:n3 is illustrated in Fig. 2. Significantly increased lev-
els of EPA were observed with Emulsion B > oil capsules at
8 h; Emulsion B > Emulsion S and Emulsions N and S > oil
capsules at 24 h; and Emulsion B > Emulsions S and N at
48 h. Interestingly, although Emulsion B contained 50 %
more DHA, there is no difference in the PLFA levels at any
time point. By 48 h, there were no significant differences in
EPA, DHA, total n-3 or the n-6:n-3.

Table 3 includes the mean &+ SEM, AUC (ug/mL h),
concentration maximum [C,,,, (ug/mL)], and time to max-
imum [z, (h)] for plasma phospholipid fatty acids at 8,
24 and 48 h after intake of supplements for. No differences
were seen between treatments. The ;AUC, 44 for EPA,
DHA, Total n-3, and n-6:n3 are shown in Fig. 3. Emulsion
S and Emulsion N have significantly increased ;AUC,_,¢ for
EPA compared to oil capsules and Emulsion B (p < 0.05).

Plasma Chylomicrons

As illustrated in Table 4, plasma chylomicron EPA and
DHA of participants were significantly different between

0 8 16 24 32 40 48

Hours
-e®- Qil Capsules

-& Emulsion S
Emulsion N
Emulsion B

Emulsion S and Emulsion B at baseline (p < 0.05). Figure 4
shows the change from baseline concentration (ug/mL,
mean = SEM) of plasma chylomicron EPA, DHA, Total
n-3, and n-6:n-3. No statistically significant differences
were observed at any time point. No statistically significant
differences were seen in the ;AUC,_,; for CMFA (data not
shown).

Discussion

In this controlled, single treatment bioavailability study, we
demonstrate differences in the PLFA EPA uptake over 48 h
between encapsulated and preparations of emulsified fish
oil. In our previous work we demonstrated similar changes
comparing one emulsified fish oil preparation to encapsu-
lated oil [14]. Here we see significantly increased PLFA
EPA in Emulsion S and Emulsion N (p < 0.05) compared to
oil capsules and Emulsion B over 48 h.

The emulsification of fish oil is thought to increase both
the rate and extent of absorption of the n-3 fatty acids it
contains [8, 9]. We found no differences in the CMFA n-3
content over 48 h after supplement intake suggesting simi-
lar uptake of fatty acids in the encapsulated and emulsified
fish oils. Contrary to our results, Garaiova et al. found both
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Table 3 Plasma phospholipid

Oil capsules Emulsion S Emulsion N Emulsion B*
EPA, DHA, and total n-3 fatty
aCidS}Emegm :I(: S])Ell\;[r;dAtUC - AUC, g, (ug/mL - h)
f{)‘rg S, 2)21 max &gh’ e D EPA 8432 +11.7 86.43 + 12.74 97.26 + 11.47 99.32 + 16.22
supplements DHA 252.12 + 35.79 239.06 + 32.39 257.70 + 34.09 25271 + 32.31
Totaln-3  466.65 + 54.16 458.91 + 49.67 491.46 + 44.83 484.75 £ 52.01
n-6:n-3 72.81 £ 4.96 74.11 £ 5.61 69.74 £ 3.80 70.22 £ 5.54
AUC 54, (ug/mL - h)
EPA 303.97 + 37.62 341.41 £+ 46.78 353.39 + 35.33 341.5 + 47.01
DHA 793.10 + 111.30 757.16 + 100.84 803.72 + 101.65 800.34 & 97.44
Totaln-3  1490.27 + 168.64 1511.18 + 163.81 1578.96 + 135.93 1545.23 + 155.64
n-6:n-3 201.80 + 13.15 202.29 + 15.77 189.38 + 8.47 194.08 + 15.36
AUC, 4, (ng/mL - h)
EPA 604.75 + 77.39 681.93 + 90.32 703.93 + 72.77 652.40 + 83.30
DHA 1633.04 + 228.81 1581.20 £ 229.12 1648.91 + 214.08 1661.48 + 192.86
Totaln-3 304127 £ 34821 3115.73 & 360.12 3219.15 + 285.54 3140.40 £ 296.40
n-6:n-3 395.40 + 25.63 399.25 + 33.73 366.08 + 14.26 380.44 £ 31.05
Cinax (ug/mL)
EPA 597 +0.575 9.3+ 112 7.96 + 0.72 6.68 + 0.83
DHA 518+ 112 6.89 + 3.16 543+ 1.67 59+ 1.29
Totaln-3  12.36 +2.03 15.48 +2.35 14.9 + 0.95 10.5 +2.94
Tmax (1)
EPA 24 24 24 8
DHA 48 48 48 48
Totaln-3 24 24 24 24

# Emulsion B contains a larger amount of DHA,; treatments were matched on EPA

more rapid and enhanced postprandial levels of DHA and
EPA in plasma triacylglycerol (TAG) [8]. It is important to
note that the dose of total lipid may be responsible for the
discrepant responses as the study by Garaiova provided a
dose of 30 ml of lipid while our doses ranged between 4
and 17.48 g of product, depending on formulation. Others
have also shown reduced CMFA uptake after n-3 fatty acid
supplementation [19]. It is thought that this may be related
to the total reduction in plasma TAG after fish oil intake
[20, 21]. As we have no control oil treatment without n-3
fatty acids in this trial, it is impossible to determine if the
single dose supplement resulted in comparatively reduced
CMFA uptake.

Although both Emulsion N and Emulsion B are gel
emulsions, there was significantly increased uptake of EPA
into PLFA with Emulsion N. The exact formulation method
of each of the emulsified products tested is proprietary and
therefore unavailable; however, formulation differences
may play a role in the observed outcomes. It is of interest
that although the DHA content of Emulsion B was 50 %
higher than the other product’s (see Table 1), there were no
differences seen in the PLFA content of DHA by treatment.

After absorption, EPA and DHA are taken up in PLFA
as well as triacylglycerol, cholesterol ester, and as free
fatty acid with the observed response being both time and
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dose dependent [22, 23]. As demonstrated through stable-
isotope labeling studies with oral administration of 13C-
DHA, the compartmentalization of DHA in phospholipids
reaches its maximum between 6 and 9 h after dosing [24].
Additionally, supplementation trials evaluating the disposi-
tion of EPA and DHA in various blood fractions and tissues
demonstrate a more rapid rise of EPA concentration in all
plasma lipid fractions [25-27] and tissue [26] compared to
DHA. This same increased uptake of EPA into PLFA was
observed in our salmon feeding trial [28]. The EPA PLFA
data presented above mirrors this phenomenon likely due to
the equal dosage of EPA across all study groups. In addi-
tion to enriching other lipid pools, DHA supplementation
increases the amount of DHA used for p-oxidation [29],
indicating that the relative insensitivity to the increased
DHA dosage in Emulsion B relative to the other supple-
ments may be due to other DHA homeostasis pathways.

In this study doses of oil from oil capsules, Emul-
sion S and Emulsion N had a lower content of DHA than
EPA and only changes in PLFA were measured, thus it
is possible that the total change in plasma DHA content
was not detected. It is of interest that the DHA response
of Emulsion B was not significantly different from the
other supplements even though it contained more DHA,
this may be partially explained by the more rapid rise in



Lipids

Fig. 3 ;AUC, 45 change
from baseline concentration
(ug/mL - h; mean + SEM) of
plasma phospholipid LA (a),
ALA (b), EPA (c), DHA (d),
Total n-3 (e), Total n-6 (f), and
n-6:n-3 (g) over 48 h in healthy
adults (n = 10) receiving a
capsular or emulsified fish oil
supplement at time 0. Emulsion
B contains a larger amount of
DHA; treatments were matched
on EPA. Treatments not shar-
ing a common letter differ
significantly from one another
(» <0.05)

Table 4 Plasma chylomicron
fatty acid content of participants
(ug/mL; mean SEM) at baseline
for each of the 04 treatments

a LNA b ALA
01 20+
= 3 1
E E o
o o
= =
% -1000- = 104
3 d
S g 2 T
-1500+
< < 30
-2000 T T T T -40 T T T T
c EPA d DHA
500+ 300
b
= 4001 b 5
E E 200
2 300 g, a E)
3 $
© 200 ps
S g 100
< 100+ <
0- T T 0- T T
e Total n-3 f Total n-6
800
500
2 600 - 0
£ -
) £
< 400 g 500
‘cf ©
g o;’ -1000-
< 2004 3
= < -1500
0- T T
-2000 T T T T
g n-6:n-3
0
I .
£ 5o @B Oil Capsules
= Emulsion S
b .
S 1004 L @8 Emulsion N
2 .
< Emulsion B
-150 T T T T
Fatty acids Baseline (%)
Oil capsules Emulsion S Emulsion N Emulsion B?
18:2 n-6 53.41 + 14.31 73.95 £ 23.04 71.55 £21.04 83.79 +22.52
20:4 n-6 10.73 & 3.04 15.02 & 4.67 15.66 & 5.40 18.28 +4.25
Total n-6 69.66 & 19.24 95.55 4+ 29.23 93.88 + 28.53 110.77 + 28.87
18:3n-3 1.55+0.57 2.044+0.78 1.95+0.55 2.60 &+ 0.87
20:5 n-3 0.79 + 0.29% 0.83 £0.27% 1.15 + 0.55% 1.48 +0.37°
22:6 n-3 2.35 4 1.23% 2.18 £0.57% 2.64 4 0.84% 4.02 4+ 1.91°¢
Total n-3 5.98 £+ 2.60 6.57 £ 2.00 7.44 +2.41 10.13 £ 2.76
n-6/n-3 15.05+1.73 16.45 4+ 1.55 13.48 +0.58 12.31 +1.13

Emulsified and capsular fish oil supplements consumed by ten healthy participants in a cross over manner.
Treatments not sharing a common letter differ significantly from one another (p < 0.05)

# Emulsion B contains a larger amount of DHA,; treatments were matched on EPA
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Fig. 4 Change from baseline
concentration (ug/mL + SEM)
of plasma chylomicron. EPA
(a), DHA (b), Total n-3 (c¢),
and the n-6:n-3 (d) over 8 h in
healthy adults (n = 10) receiv-
ing a capsular or emulsified
fish oil at time 0. Emulsion B
contains a larger amount of
DHA; treatments were matched
on EPA

c Total n-3

(ug/mL)

EPA concentrations after supplementation as discussed
above. The chemical composition of the emulsifying agent
affects the stability of the emulsion [9] which, may affect
the absorbability of fatty acids; however, at 48 h there
was no difference in the PLFA level of the fatty acids
measured indicating any effects on differential uptake on
the PLFA pool would not be significant with continued
supplementation.

The focus of this study was the acute bioavailability of
the LCn3 in the fish oil supplements tested, so we are unable
to make any inferences about the effect longer term intake
of these supplements would have on LCn3 concentration in
various blood fractions. Chronic supplement intake differs
from a single dose as circulating fatty acid levels then repre-
sent much more extensive lipid metabolism [30]. In an early
study, Katan et al. demonstrated the kinetics of the incor-
poration of supplemental fish oil into plasma cholesteryl
esters; a half-life of 4.8 days was observed for EPA on daily
doses of 3-9 g of fish oil while the half-life of DHA was
significantly longer than for EPA, at 10.3 days [26].

There are several potential limitations to our study. The
sample size of the intervention was small, but as this was a
cross-over design the power was adequate to differentiate
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treatment differences. As we did not supply all of the food
to participants over the 48 h. test period, it is possible that
directions to comply with a very low fat diet (<10 % en)
were not strictly adhered to. This has the potential to con-
found our primary outcome of PLFA. However, as the n-3
content of all participants was increased and the n-6 con-
tent reduced, clear treatment effects were observed.

Strengths of our study include that the supplement
intake was well controlled and that all participants assigned
to treatment completed all aspects of the trial. Participants
reported high compliance to the assigned low fat diet.

In summary, Emulsion S and Emulsion N promoted
increased uptake of EPA into PLFA over 48 h when evaluat-
ing by ;AUC, 4 ,, or individual time points of assessment.
No differences were observed between supplements in the
CMFA concentrations. Although there were no observ-
able differences in CMFA uptake, n-3 fatty acids were well
absorbed and incorporated into PLFA. In practice, these
results indicate that although there is limited advantage of
emulsified fish oil preparations in the extent of EPA uptake,
it is evident that both capsular triacylglycerol and emulsi-
fied fish oil preparations are readily absorbed and incorpo-
rated into PLFA.
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