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Bioavailability of EPA and DHA delivered by gelled
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This study presents data comparing the bioavailability of DHA and EPA delivered by two different
formulations: One group received TAG fish oil in traditional soft gel capsules, whereas the other group
received the TAG oil as droplets trapped inside a gelatin matrix (gelled emulsions). The incremental area
under the curve (AUC(_»6 1) of EPA and EPA + DHA in blood plasma from the gelled emulsions was
significantly increased by 44.9 and 43.3%, respectively, compared to soft gel capsules. The maximum
incremental concentration of EPA and EPA + DHA was significantly increased by 100.4 and 105.6%,
respectively, compared to soft gel capsules. These results suggest that improved bioavailability of EPA
and DHA may be achieved by incorporating emulsified TAG fish oil in a gel matrix prior to oral ingestion.

Practical applications: This study presents a new type of vehicle for the delivery of PUFAs. The
vehicles are soft and chewable with the possibility of adding flavours, sweeteners and colour, and this
makes the vehicles ideal for delivery of PUFAs to consumers having problems swallowing large capsules
or cod liver oil. The vehicles are already applied in products in several countries, including Norway.
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1 Introduction

Intake of omega-3 fatty acids is found to increase the con-
centration of DHA and EPA in plasma and red blood cells in
vivo [1-4]. Ingestion of omega-3 fatty acids has been reported
to be advantageous in treatment of disorders such as cardi-
ovascular diseases [5-7], joint pains associated with, for
example rheumatoid arthritis, inflammatory bowel disease
and dysmenorrhoea [8, 9], and neurocognitive disorders such
as attention-deficit hyperactivity disorder (ADHD) [10, 11].

The ingestion of omega-3 oil as incorporated in conven-
tional preparations is, however, not always welcomed by
consumers as a result of fishy taste, capsule size and a
tendency to produce an unpleasant reflux. Since oils have
a lower density than gastric juice the burst of capsules con-
taining omega-3 oils in the stomach may result in concen-
tration of lipids in the upper layers of the gastric juice and may
cause such reflux. Development of new oral vehicles with
improved acceptability for the consumers would therefore be
highly beneficial.
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Digestion of fat is considered a complex process: The
water/lipid interface plays a crucial role in providing a contact
area between the lipid digestive enzymes, the lipases, and
their substrates. The rate of lipolysis is mainly controlled by
the possibility of lipase to bind to the surface of oil droplets in
duodenum (and to a lesser extent in the stomach) which is
influenced by several chemical, physical and sterical proper-
ties. The influence of emulsion structure and stability on lipid
digestion and bioavailability has recently been excellently
reviewed by Golding and Wooster [12] and McClements
et al. [13]. Lipid digestion and bioavailability has been exten-
sively studied during the last decade and the design of nutra-
ceutical delivery vehicles [14], foods [15], formulations of the
oil [16], choice of emulsifiers and stabilisers [17] and oil
droplet size and emulsion structure [17-21] have been
reported to be important factors in controlling the rate of
lipolysis and the bioavailability.

The goal of this clinical pre-study was to compare the
short-term bioavailability from a single dose administration of
EPA and DHA from TAG fish oil released from traditional
soft gel capsules and from a gel matrix containing emulsified
oil (gelled emulsion).

2 Materials and methods
2.1 Product technical background

Oral dosage units of gelled emulsions (batch number 161)
and soft gel capsules with TAG fish oil (batch number
59605709) were manufactured and supplied by Ayanda
AS (Tromse, Norway). Both formulations contained TAG
fish oil (batch number 90421902) supplied by Napro Pharma
AS (Brattvag, Norway). The oil contained mixed tocopherols
(1.3 mg/g TAG oil) of non-gene modified organism (non-
GMO) quality as an anti-oxidant. The gelled emulsion tech-
nology is a new patent pending technology described in WO
2007/085840 [22].

The excipients of the emulsion and soft gel capsules per unit
dose were as follows: Gelled emulsion; gelatin (GELITA
GmbH, Mannheim, Germany) 56.7 mg, gum arabic
(Harlem foods, Oslo, Norway) 37.0 mg, sorbitol 103.6 mg,
xylitol 241.7 mg, citric acid 5.9 mg, and flavour 1.2 mg. Soft
gel capsule; gelatin (GELITA) 129.5 mg, glycerol 62 mg, and
purified water. Sorbitol and Xylitol were supplied by Food
Innovation AS (Oslo, Norway). The gelled emulsions were
made by dissolving the water-soluble ingredients at 68°C,
before the oil was mixed into the water phase at 50°C by
applying a homogeniser. The emulsion was moulded into small
discs and sealed in alumina blister trays. The gelled emulsions
were produced according to good laboratory practice (GLP)
and stored in blister trays under nitrogen atmosphere at 4°C.
The soft gel capsules were produced on conventional encap-
sulation machinery. All capsules were manufactured according
to food good manufacturing practice (GMP) and stored at RT,
protected from heat, moisture and direct sunlight.
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2.2 Subjects

Healthy students (19-29 years) from the Nord-Trendelag
University College, Namsos, Norway, were recruited.
Exclusion criteria were metabolic syndromes, hypercholes-
terolemia, high blood pressure, diabetes, fish allergy, obesity
(BMI > 30), regular intake of non-steroidal anti-inflamma-
tory drugs, anticoagulants or omega-3 supplements.

The final study protocol was approved spring 2009 by the
corresponding independent ethics committee in Norway.
The study was wundertaken in accordance to the
Declaration of Helsinki and the laws and regulations for
clinical research in the participating countries. All subjects
provided written informed consent before any study pro-
cedure was undertaken. The study has been registered in
www.ClinicalTrials.gov according to the International
Committee of Medical Journal Editors initiative (ICMJE)
with the registration number NCT01061554.

2.3 Study design and diet

The study subjects were randomised to receive two different
single-dose treatments of ~5 g omega-3 fatty acids, as sum-
marised in Table 1. The treatments were not blinded, and
both the investigator and participants knew the identity of the
treatment. The blood sample analyses were performed
blinded to treatment.

The participants were instructed to have a zero fish and
alcohol diet 1 wk prior to and during the study, and to begin
fasting on the morning of the study start. Demographic data
(sex and age), measured BMI and baseline blood samples
were collected before the study started and blood samples
were taken 2, 3, 4, 6, 8 and 26 h post-administration.

All participants were offered standardised meals during
day 1 of the study. The participants were allowed to eat at
home before the 26 h blood sample but were informed to
exclude fish from the meal(s). For safety comparisons adverse
events were recorded during the 26 h observation period. No
adverse events were observed during this study.

Table 1. Total amount of omega-3 fatty acids and number of
capsules ingested for the gelled emulsion and soft gel capsule
groups

Gelled emulsion Soft gel

Fatty acid (mg) capsules (mg)
EPA 3089 3033
DHA 2340 2298
EPA + DHA 5429 5331
Product weight 1124 + 87 730 £ 9
Number of capsules ingested 23 17

Product weight data: mean + SD (n = 40).
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2.4 Blood specimen collections and plasma analysis

All blood samples (7 mL) were drawn from the antecubital
vein, collected in ethylenediaminetetraacetic acid (EDTA)
test tubes (BD Vacutainer Plus EDTA 7/6 mL), and centri-
fuged at 2200 x ¢ (3700 rpm) for 11 min at 18°C.
Centrifugation was carried out within 30 min after sampling.
Two portions of the plasma (1.5 4+ 0.5 mL samples) were
collected in cryo tubes (CryoTubesTM, 1.8 mL, Nunc), and
immediately frozen before storage at —80°C prior to analyses.
The blood sample analyses were carried out by Vitas AS,
Oslo, Norway. EPA and DHA blood plasma concentrations
were determined as follows: 40 pLL plasma was added 100 pLL
internal standard (1,2-diheptadecanoyl-sn-glycero-3 phos-
phatidylcholine) and 800 pLL methanolic hydrochloric acid,
mixed and heated at 80°C for 120 min. The resulting FAME
was added 300 wL. 3 M potassium hydroxide in water and
extracted with 500 pL hexane. GC analyses were performed
directly on these solutions using a 6890N GC with a split/
splitless injector, a 7683B automatic liquid sampler, and
FID (Agilent Technologies, Palo Alto, CA). Separation
was accomplished with a SP-2380 (30 m x 0.25 mm
i.d. x 0.25 pm film thickness) column from Supelco™,

2.5 Statistical analysis

All data analyses were carried out according to recommen-
dations in the Note for Guidance on the Investigation of
Bioavailability and Bioequivalence (CPMP/EWP/quality
working party (QWP)/1401/98) of The European
Medicines Agency’s (EMEA) Committee for Proprietary
Medicinal Products (CPMP) [23]. The full analysis popu-
lation, consisting of all eligible randomised subjects was uti-
lised for efficacy analyses. An analysis of covariance
(ANCOVA) model was exploited for the incremental area
under the plasma concentration curve (AUC(_5¢ ) variable
and the maximal incremental blood plasma concentration
(Cmax) variable. All AUC( 61, and C,,,, analyses were
adjusted for baseline concentration (by including baseline
concentration as a covariate in the ANCOVA analyses).
Exact Kruskal-Wallis non-parametric test was used to detect
the time after administration for the maximal incremental
plasma concentration to occur (fy.,). Prior to analysis the
AUC( 56 and Cy,,y variables were transformed using the
natural logarithm to adjust for skewness in the data. Pair wise
comparisons in the ANCOVA analyses were adjusted for
multiple comparisons using the Dunnet—Hsu method [24].
All tests were two-sided (o = 0.05) and calculations were
performed using SAS version 9.2 (SAS institute, Cary, NC,
USA).

2.6 In vitro imaging of the gelled emulsions

The gelled emulsion was cut in thin slices (1 mm thick),
primary fixed in McDowell’s fixative over night, washed in
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phosphate-buffered saline (PBS), post-fixated in 1% aqueous
OsQ, for 1.5 h, washed in PBS and dehydrated in a graded
series of ethanol [7, 25]. The samples were critical point dried
in a Balzer Union CPD 020 Critical Point Dryer
(Lichtenstein), mounted on aluminium stubs with silver glue
and coated with gold/palladium in a Polaron Range Sputter
Coater (Ringmer, UK). Micrographs were taken in a Jeol
JSM 6300 Scanning Microscope (Tokyo, Japan).

2.7 In vitro dissolution testing of the vehicles

One 1 g gelled emulsion was cut into small pieces (mean
particle diameter: 3-4 mm) to mimic the fracture during
chewing. One soft gel capsule or fractured gelled emulsion
was added to 150 mL pre-warmed artificial gastric juice
(AG]) and incubated at 37°C and 50 rpm for 3 h. The
AG]J, pH 1.2, without enzymatic activity, was prepared
according to European Pharmacopoeia [26]. One dissolved
gel matrix was also stored at RT for 48 h. The dissolved
gelled emulsion (1 h, 37°C, 50 rpm) was illustrated by the
use of a Nikon Eclipse T'S 100 microscope, 40x objective,
and a Nikon DS-Fil camera.

2.8 Light scattering—in vitro measurements of oil
droplet size

Droplet size measurements were performed using a Coulter LS
230 instrument (Coulter Corporation, Florida, US) to dem-
onstrate that emulsions induced by dissolution of the gelled
emulsion were stable at artificial gastric conditions. Dissolved
gel matrix (from in vitro dissolution) was applied to the instru-
ment in triplicates at each incubation time (30 min to 48 h).
The results are given as mean volume diameters including SDs.

3 Results

During spring 2009, the subjects were randomly assigned two
formulations containing TAG fish oil: Gelled emulsions
(n =9), and soft gel capsules (z = 9). One subject was
included in the soft gel capsule group although she clearly
should not have been due to obesity (BMI = 33.5). This
subject has been removed from the results as well as the
statistical analyses after the blind was broken.

The baseline values of DHA and EPA in the two groups
and the demographics are given in Table 2. The blood plasma
concentrations of EPA, DHA and EPA + DHA are pre-
sented in Fig. 1 as a function of time post-administration,
while Fig. 2 shows the AUC_,¢ n-values for EPA, DHA and
EPA + DHA. Table 3 presents Cp,ay and #,,, While Table 4
shows the results from the statistical comparison of the bio-
availability of EPA, DHA and EPA + DHA for the gelled
emulsion versus soft gel capsule treatment.

Statistical analyses showed that the bioavailability
as measured by AUCy ¢, and Cg., of EPA and
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Table 2. Demographics and baseline characteristics for the bioavailability study

Parameter

Gelled emulsion (n = 9)

Soft gel capsule (n = 8)

Age® (years)
Female®

BMI® (kg/m?)
EPA® (ug/mL)
DHA® (ug/mL)

6 (66%)

22.4 (1.5) [20-22-25]

23.4 (2.3) [19.8-23.3-27.4]
11.9 (3.6) [5.6-11.7-17.4]
56.6 (12.2) [40.2-54.2-84]

22.3 (2.9) [20-21-28]
5 (63%)
23.1 (2.5) [19.8-22.6-27.2]
19.7 (18.0) [7.7-12.2-62.7)
60.3 (28.3) [25.9-55.4-116.5]

¥ Mean (SD) [min-median—max].
® Number of subjects (%).

EPA + DHA from gelled emulsions was significantly
increased compared to the soft gel capsule treatment. The
bioavailability of DHA from the gelled emulsion treatment
was non-significantly increased by 46.0 and 115.8%, respect-
ively, compared to the soft gel capsule treatment.

Time until maximum concentration, ‘Zmayxs  Of
EPA + DHA was determined to 2 and 6 h after adminis-
tration for the gelled emulsion and the soft gel capsule treat-
ments, respectively. The same trend was also found when
EPA was studied alone. When only DHA was investigated
tmax Was determined to 2 h and was equal for both treatments.

A scanning electron microscope (SEM) study was under-
taken in order to investigate the size distribution of the
emulsified TAG oil droplets in the gel matrix of the gelled
emulsion. An image from the SEM is included in Fig. 3 (left)
illustrating the oil droplets in the gel matrix. The droplet
diameters were determined to be in the range of 1-10 pm
with the majority being 2—4 pm.

The image in Fig. 3 (right) reveals the fate of the emulsi-
fied TAG oil droplets as the gel matrix was dissolved in AGJ
at 37°C and 50 rpm. The matrix was fully dissolved within
20 min. The emulsion of TAG oil in AG]J was also studied by
light scattering and the results are summarised in Fig. 4. The
mean volume diameter of the oil droplets in the dissolved gel
matrix was determined to be 1.81 + 0.02 pm (z = 12, 30—
2880 min) and the results in Fig. 4 show that the oil droplets
released from the gel matrix form an emulsion in AG]J which
was stable.

4 Discussion

The 5 g dosage in this study was chosen based on the results
of another clinical study performed by Marsen et al. [3] to
enable detection of increased EPA and DHA concentrations
in blood serum within 24 h post-administration. The number
of subjects in each group has been selected with reference to
similar studies [21, 27, 28].

The results from the present study suggest that the bio-
availability of PUFAs may be increased by ingestion of gelled
emulsions, even though the results are not unambiguous.
Both AUC(_56 1 and Cp,.x Was significantly higher for EPA
and EPA + DHA delivered by the gelled emulsions (Fig. 2
and Table 4). Cp,.x of DHA was also significantly higher for
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the gelled emulsion group. No significant differences were,
however, found between the values of AUC 54, for DHA
between the two test groups, and we concluded that the
overall bioavailability for DHA was not significantly higher
for the gelled emulsion group. The results in Figs. 1 and 2,
and in Table 4 do, however, indicate that the bioavailability
trend may be in favour of the gelled emulsion treatment, but a
higher powered study is needed to confirm improved bio-
availability of both EPA and DHA from the gelled emulsion
treatment.

It has previously been found that pre-emulsification of
lipids increases the uptake of fatty acids [18-21, 29] and that
especially the uptake of long-chain PUFAs, such as EPA and
DHA, was increased by pre-emulsification [21]. The bioe-
quivalence of encapsulated and microencapsulated fish oils
has, however, been found to be similar [30]. It has also been
reported increased lipase activity in fine versus coarse emul-
sions [20, 29] and this suggests that emulsification of oils
prior to ingestion is likely to have a positive effect on the
bioavailability and absorption of PUFAs. Several studies have
also provided results supporting increased absorption of EPA
and DHA from the ingestion of emulsified oil compared to
bulk oil [14, 18, 21, 29].

Results very similar to those presented here were recently
reported by another research group [14]: The absorption of
omega-3 fatty acids from emulsified (liquid) and encapsu-
lated fish oil after treatment of a single 4 g dosage was studied
and a significantly increased absorption of total omega-3 and
EPA from the emulsified oil was revealed. These researchers
suggest that the differences in absorption could be partly
caused by dissimilar delivery forms (liquid emulsion vs. soft
gel capsules) [14]. In our study both treatment groups
received identical TAG oil using solid vehicles and both
vehicles were easily and equivalently dissolved in vitro (within
20 min). This suggests that the observed differences in the
bioavailability in our study may be linked to the emulsified oil,
but it cannot be ruled out that also the design of the vehicle
did influence the bioavailability (chewable, soft vehicle vs.
intact, solid vehicle).

The time until maximum concentration of DHA in
plasma was not significantly different for the two treatments
in this study, while z,,, for EPA and EPA + DHA was
significantly different (Table 3). This may be due to the
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Figure 1. Mean blood plasma concentrations of EPA (top), DHA
(middle), and EPA + DHA (bottom) from time 0-26 h post-adminis-
tration of TAG oil via gelled emulsions and soft gel capsules.

low number of subjects in each treatment group, but could
also be due to the relatively long gap between administration
and the first blood sampling. It is difficult to visually detect
the maximum concentrations of EPA and DHA from the
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Figure 2. Incremental area under the curve from time 0-26 h
(AUCq_26 1) post-administration of TAG oil delivered by gelled emul-
sions and soft gel capsules. Plotted values are means * SD from
the baseline adjusted ANCOVA analyses, adjusted for multiple com-
parisons using the Dunnet—Hsu method [24].

mean blood plasma concentrations (Fig. 1). The z,,-values
were determined from statistical analyses, providing different
values for the two test groups. The lack of distinct maximum
peaks for the soft gel capsule group may indicate that the
uptake of EPA and DHA from this treatment could be more
sustained due to larger oil droplets in the duodenum. Larger
droplets provide a smaller surface area for the lipases to attack
resulting in a slower lipolysis, as illustrated by Armand et al.
[20]. The initial slopes of the plasma concentration curves in
Fig. 1 clearly show that there is a difference in the rate of
absorption for the two test groups which may be caused by
different rates of lipolysis for the two test groups. The rate of
lipolysis is probably one of the most important factors for the
rate of uptake of PUFAs and in vivo studies of the lipolysis
must be performed to gain a full understanding of the bio-
availability of fatty acids. Garaiova et al. [21] reported the

Table 3. Descriptive statistics of the results from the two treatment
groups

Treatment group

Outcome Gelled emulsion  Soft gel capsule
measure Parameter (n=29) (n=28)
Crnax (ng/mL) EPA 106.1 + 52.5 49.4 +10.3
DHA 74.4 1+ 41.6 31.6 + 12.4
EPA + DHA 179.5 + 93.8 79.1 + 24.2
Imax” (h) EPA 2 [2-3] 6 [2-17]
DHA 2 [2-2] 2 [2-6]
EPA + DHA 2 [2-2] 6 [2-17]

Chax the maximal incremental (change from baseline) plasma con-
centration; zy,,y, time after administration for the maximal incremen-
tal plasma concentration to occur.

¥ Mean =+ SD.

® Median [25—75 percentile].
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Table 4. Summary of relative bioavailability of DHA and EPA
administered by the gelled emulsions or soft gel capsules

Comparisons®

Gelled emulsion versus

Outcome Parameter soft gel capsule
AUC_s6 y-ratio EPA 1.45 (1.13-1.86); p = 0.003>
DHA 1.46 (0.87-2.46); p = 0.177
EPA + DHA 1.43 (1.05-1.96); p = 0.024"
Cinax-ratio EPA 2.00 (1.27-3.16); p = 0.003
DHA 2.16 (1.14-4.09); p = 0.017%
EPA + DHA  2.06 (1.21-3.49); p = 0.008"

Chax the maximal incremental (change from baseline) plasma con-
centration; AUC 56 1,, the incremental area under the plasma con-
centration curve.

® Data are ratios of least square means (95% CI) from the baseline
adjusted ANCOVA analyses, adjusted for multiple comparisons
using the Dunnet-Hsu method [24].

® Gelled emulsion group significantly increased compared to soft gel
capsule group (p < 0.05).

total fatty acids incorporated into the phospholipid fraction of
plasma and found #,,,.-values for EPA and DHA similar to
data presented here and concluded that the emulsified oil had
a shorter 7,,,, compared to bulk oil. The z,,,.-values of EPA
and DHA have also been reported to be 8 and 24 h, respect-
ively, in another similar study [14]. The reason for the differ-
ences in the 7,,,-values between different studies may be due
to the fact that different compartments of the blood samples
were analysed and due to different test products.

The single-dose treatment in this study is higher than
normal daily omega-3 ingestions, but the results still reveal
valuable information regarding the bioavailability and phar-
macokinetics of DHA and EPA using the gelled emulsion

Eur. J. Lipid Sci. Technol. 2011, 713, 137-145

technology. The pharmacokinetics of fatty acids from fish oil
preparations have been studied by others and these studies
revealed that the increase in plasma concentrations of EPA
and DHA is dose dependent [3, 4, 31-33]. Even though the
short-time absorption of EPA and DHA is dose dependent,
different doses are found to result in comparable blood
plasma concentrations over time [3].

In vitro experiments were performed to check that the
gelled emulsions dissolved comparable to the conversional
soft gel capsules. The distribution of the oil in the gel matrix
and the emulsion formed after dissolution in vitro is illus-
trated in Fig. 3. It was found that the oil trapped inside the gel
matrix was released and formed stable emulsions in vitro
(Figs. 3 and 4). The release of oil from the soft gel capsules
in vitro was not emulsified but merged on top of the AGJ (not
measurable due to lack of small oil droplets and data are thus
not included). During the in vitro dissolution testing only
gentle stirring was applied (50 rpm) and this was most likely
not enough to imitate the mechanical forces present in the
stomach. In addition, the dissolution tests were performed
without addition of enzymes (proteases and gastric lipase). It
is well known that mechanical forces in the stomach, presence
of proteases and gastric lipases and emptying of the stomach
content through the antrum/pylorus contribute to emulsify
oil in the stomach [12, 18]. This would probably influence
both the release of bulk oil from capsules and the dissolved
gelled emulsions to a greater extent than what was observed
during the in vitro experiments. The experiments did, how-
ever, show that the biopolymers stabilising the emulsion
could tolerate low pH and ionic strengths comparable to
gastric conditions.

The droplet diameters found from the dissolved gelled
emulsion during in vitro release are in the range of oil droplet
diameters measured by other researchers [18—-20]. From the
experiments of the emulsion stability in this study it is tempt-
ing to assume that the oil released from the gelled emulsions

Figure 3. (left) Scanning electron microscope image (magnification 1000X) showing the emulsified oil (scale bar: 10 um) inside the gel
matrix. The average droplet diameter seems to be in the range of 2-5 um and most droplets have diameters <10 um. (right) Oil droplets
distributed in AGJ after release from the gelled emulsion (light microscope, magnification 400X, scale bar: 50 um).
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Figure 4. Mean volume droplet diameters in AGJ containing dissolved gel matrix (incubation at 37°C and 50 rpm). The SDs illustrate the

distribution of droplet sizes in each replicate.

also could have been more extensively emulsified in the
stomach and in the duodenum in vivo compared to oil
released from soft gel capsules. Further analysis must, how-
ever, be performed to determine if the dissolution of the
gelled emulsion results in a stable emulsion in vivo and to
investigate how enzymes influence the oil droplets, their
stability and the rate of lipolysis. Results from Armand
et al. have shown that fine emulsions (from 0.7 pm to 6—
8 wm) seems to coalescence into larger droplets to a greater
extent than coarser emulsions (from 10 pm to 20-40 pm),
and this may also be the case in our study. Still, they found
that the emulsions containing the smallest droplets prior to
ingestion also gave the smallest droplets in vivo and that these
emulsions exhibited increased rate of lipolysis compared to
the coarser emulsion, as previously mentioned [20]. Golding
and Wooster [12], however, state that ‘whilst considerable
differences in emulsion structure and surface area can be
achieved in the stomach, the rate of lipid uptake in the small
intestine can be very similar’ and refer to unpublished data
[34]. This reflects the complexity of lipid digestion and shows
that interpreting results from clinical studies is not straight
forward based strictly on in vivo data.

Klinkesorn and McClements tested the emulsion stability
and lipase digestibility of emulsions containing tuna oil (5%
w/w tuna oil, 1% w/w lecithin, 100 mM acetate buffer
and pH 3) in an in vitro human digestion model. They found
that an oily layer was observed on top of the emulsion
after passing through the model containing pancreatic lipases
[17, 35]. The destabilisation did, however, also occur in the
absence of lipases indicating that the coalescence probably
was caused by other factors than the lipases. The authors
indicate that the reason may be that lecithin did not stabilise
the emulsions properly under the harsh condition in the in
vitro digestion model. Testing emulsions in vitro is a complex

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

process but may give indications whether an emulsion may
pass through the stomach and intestines without total desta-
bilisation and should also be performed for the gelled emul-
sions and the oil release from the soft gel capsules in this
study.

It should be kept in mind that the results from this study
only reveal the short-term absorption of EPA and DHA from
a single dose. Other studies have, however, reported coher-
ence between the short-time absorption of EPA and DHA,
and the effect of long-term consumption [3, 36]. To be able
to conclude regarding the long-term absorption and incorp-
oration of EPA and DHA from the gelled emulsions a more
thorough study should be performed.

There are some shortcomings in this study which should
be mentioned and taken into consideration: The specifica-
tions of primary and secondary endpoints and their analyses
were only vaguely described in the protocol, and most
analyses were defined after blind-breaking. The analyses of
bioavailability studies are, however, quite standardised and
the analyses of this study follow the recommendations from
EMEA [23]. Therefore, the late determination of analyses is
not regarded as imposing any biases in the results.

In conclusion, this study suggests that increased bioavail-
ability of EPA and DHA can be obtained when TAG fish
oils are delivered by gelled emulsions compared to soft gel
capsules. The increased bioavailability may be caused by the
pre-emulsification of the oil, as also suggested by other
researchers, but different designs of the vehicles may also
contribute.
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