DOI: 10.1002/vms3.369

ORIGINAL ARTICLE

WILEY

Enhanced omega-3 index after long- versus short-chain
omega-3 fatty acid supplementation in dogs

Tonje E. Dominguez | Kiranpreet Kaur | Lena Burri

Aker BioMarine Antarctic AS, Lysaker,
Norway

Correspondence

Lena Burri, Aker BioMarine Antarctic AS,
Lysaker, Norway.

Email: lena.burri@akerbiomarine.com

Abstract

Background: The Omega-3 Index is a test that measures the amount of the long-
chain omega-3 polyunsaturated fatty acids (n-3 PUFAs), eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) in red blood cell membranes, which is expressed
as a percentage of all fatty acids. However, alpha-linolenic acid (ALA) from flaxseed
oil, which is a short-chain n-3 PUFA, is often promoted in pet feed as a n-3 source,
implicitly assuming it is an effective precursor of EPA and DHA.

Objective: This study was aimed to compare the effect of supplementation with a
plant-based short-chain n-3 PUFA source (flaxseed oil, FSO) with a marine long-chain
n-3 PUFA source (astaxanthin krill oil, AKO) to increase the Omega-3 Index in dogs.
Methods: Ten adult Alaskan Huskies of both genders were supplemented daily with
1,155 mg of EPA/DHA from AKO, whereas another 10 dogs received 1,068 mg ALA
from flaxseed oil for 6 weeks. Fatty acid and Omega-3 Index measurements of the
two groups were taken after 0, 3 and 6 weeks for comparison.

Results: The EPA and DHA concentrations increased significantly only in the dogs
fed with AKO resulting in a significant increase in mean Omega-3 Index, from 1.68%
at baseline to 2.7% after 6 weeks of supplementation (p < .0001). On the contrary,
both EPA and DHA concentrations decreased significantly in the dogs fed with FSO,
which led to a significant decrease in mean Omega-3 Index from 1.6% at baseline to
0.96% at study end (p < .0001).

Conclusions: The results showed that supplementation of AKO from Antarctic krill
led to a significant increase in the Omega-3 Index in comparison to FSO in dogs. This
suggests that preformed marine EPA and DHA sources are needed in dog feeds, as
the dietary requirements proposed by feed industry organizations are not met with

conversion from short-chain n-3 fatty acids.
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1 | INTRODUCTION

Omega-3 polyunsaturated fatty acids (n-3 PUFASs) are a family con-
sisting of both short- and long-chain n-3 fatty acids. The shortest
chain fatty acid in this family is a-linolenic acid (ALA, 18:3n-3). ALAis
a precursor for the long-chain and more unsaturated n-3 long-chain
PUFAs, such as eicosapentaenoic acid (20:5n-3, EPA), docosapen-
taenoic acid (22:5n-3, DPA) and docosahexaenoic acid (22:6n-3,
DHA) (Calder, 2013).

Long-chain n-3 PUFAs, especially EPA and DHA, are essential
in companion animals for normal growth and prevention of several
diseases, such as cardiovascular (Smith et al., 2007), renal (Brown
et al., 1998), gastrointestinal (Trepanier, 2009), orthopaedic (Fritsch
et al.,, 2010) and dermatological diseases (Mueller et al., 2004), as
well as for better retinal (Bauer et al., 2006) and immune functions
(Abba et al., 2005).

Based on a growing body of evidence on the importance of
long-chain n-3 PUFAs, EPA and DHA have been recommended
for dogs in the Nutrient Requirements of Dogs, published by the
National Research Council (NRC) (Lenox, 2016). As per this recom-
mendation, dogs in the growing phase require 0.13 g/kcal and adult
dogs 0.11 g/kcal of EPA and DHA, respectively. Besides, the Canine
Nutrition Expert Subcommittee of the Association of American
Feed Control Officials (AAFCO) established a dietary minimum
concentration of EPA plus DHA at 0.05% on dry matter basis (0.1 g/
kcal) for growing and reproductive dogs (Lenox, 2016).

Nevertheless, the commercial feeds for dogs vary greatly
in their EPA and DHA content, with some feeds having almost
negligible or very low amounts of these fatty acids (Ahlstrgm
et al., 2004). Besides, because labelling legislations do not clearly
distinguish between the two groups of n-3 PUFAs, that is n-3
short- versus long-chain (Turchini et al., 2012), some feed labels
claim to be rich in n-3 fatty acids, even though they contain only
short-chain PUFAs that are not directly linked to health bene-
fits (Chen et al., 2020). For example many commercial feeds for
dogs are supplemented with vegetable oils such as flaxseed oil
(FSO), canola oil, walnut oil and soybean oil that can only provide
dogs with the short-chain n-3 FAs, ALA (Lenox, 2016). It should
be noted that ALA plays a role in cell metabolism via conversion
to the longer and more unsaturated forms, EPA, DPA and DHA
(Figure 1). One of the initial steps, the addition of a double bond
to ALA by the Aé6-desaturase enzyme, is the rate-limiting step
in the conversion pathway and contributes to the reported low
conversion efficiency of ALA to the longer-chain PUFAs in mam-
mals (Calder, 2013). On the other hand, preformed long-chain
PUFAs can be found in fatty fish, such as menhaden, anchovies,
herring and mackerel or algae and krill (Burri et al., 2016; Dahms
etal,, 2019).

Krill are small crustaceans from the Euphausiacea family, which
consists of 86 species (Spiridonov & Casanova, 2010). Krill meal is
made from the largest one, Antarctic krill (Euphausia superba), which
is harvested in the Southern Ocean, and is a sustainable source for

marine long-chain n-3 PUFAs. One krill product suitable for pets is
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FIGURE 1 Conversion pathway for alpha-linolenic acid (ALA) to
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

astaxanthin krill oil (AKO). It contains EPA and DHA, as well as the
strong antioxidant astaxanthin.

This study investigated the supplementation of two differ-
ent n-3 sources, that is plant (FSO) versus marine (AKO) to com-
pare the effect of short- versus long-chain PUFAs, given in equal
doses, on the Omega-3 Index (i.e. the amount of EPA and DHA in
red blood cell membranes) in dogs. For the first time, AKO was
evaluated as a source of marine n-3 long-chain PUFAs in a study

with dogs.
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2 | MATERIALS AND METHODS
2.1 | Ethics, animals and diet

Twenty adult Alaskan husky sled dogs of both genders were included
in the 6-week study. The age range of the dogs was from 1 to 6 years
with a mean age of 3 years. The weight ranged from 17.8 to 26.1 kg,
with a mean weight of 22.2 kg (Table 1).

The participating dogs were used to regular blood sample collec-
tion, because of their dog sled race experience and any discomfort
was minimized by sample collection in a known environment at their
kennel. Guidelines by the Institutional Animal Ethics Committee
were followed, but comparing two different feeds fed to dogs,
where no adverse effects of the feeds are expected, does not re-
quire an approval according to the Norwegian regulation of animal
experimentation.

During the study period of 42 days, the dogs were trained in a
light treadmill workout for one hour per day. The dogs were ran-
domly divided into two groups with 10 dogs in each group, but it was
ensured that an almost even age distribution was achieved. The AKO
group consisted of two females and eight males and there were four

females and six males in the FSO group. One of the groups received

TABLE 1 Gender (female, F or male, M), weight and age of the
20 Alaskan husky sled dogs enrolled in the study

Gender Age (y) Weight (kg)
Flaxseed oil
F 4 20
F 4 20
M 2 21
F 2 17.9
M 3 211
M 6 23.5
M 6 26.1
M 3 23.5
F 1 18
M 1 20.7
Mean 3.2 21.18
Astaxanthin krill oil
F 3 21.2
M 6 24.4
M 4 25.5
M 4 24.8
M 2 27.5
M 6 22.9
M 6 23.3
M 1 22.3
M 1 22
F 1 17.8
Mean 3.4 23.17

1,155 mg of EPA/DHA from AKO (QRILL™ AstaOmega oil blend,
Aker BioMarine Antarctic AS, Lysaker, Norway) as a source of long-
chain PUFAs, and the second group received 1,068 mg ALA from
FSO (Biofarmab, Sweden) as a source of short-chain PUFAs.

The AKO supplement used was a mix of an astaxanthin-rich tri-
glyceride krill oil and a phospholipid krill oil in an 80/20-mix. Color
tags, blue or red, on each dog collar and doghouse were used to iden-
tify the group each dog belonged to. All 20 dogs were fed the same
commercial base feed for highly active dogs 10 days before and also
throughout the whole trial period, which contained 419 kcal/100g,
540 mg ALA/100 g and no EPA or DHA (Table 2). Prior to the wash-
out period, the dogs were given a high-performance commercial
feed containing 0.45% EPA and DHA from fish oil.

The active and the control supplements given in addition to
the base feed were provided to the kennel in airtight and feed
grade approved 500 ml pump bottles. The bottles were acquired
from GAPLAST GmbH (Saulgrub-Altenau, Germany). The full fatty
acid profiles of AKO and FSO were analysed and are presented
in Table 3. From the supplements, the dogs in the AKO group re-
ceived 1,155 mg of EPA/DHA daily, whereas the dogs in the FSO
group received an almost equal amount of 1,068 mg ALA per day
for the study period of 6 weeks. Dogs were fed once per day, in the
late evening. The supplements were given together with dry food
to ensure that enough digestive enzymes are released to digest the
additional fat added. The feed was fed at the maintenance level of
highly trained athletes in low training/recovery/vacation mode and
corresponds to almost double the amount required by the general

house dog.

TABLE 2 Experimental diet formulation of the commercial feed

Ingredients

Proteins 28.2%

Fat 24.1%
Carbohydrates 33%

Fiber 1.6%

Water 7.5%
Calcium 0.95%
Phosphorous 0.7%
Sodium 0.36%
Potassium 0.75%
Magnesium 0.08%

n-3 fatty acids 0.53%

n-6 fatty acids 4.43%
a-linolenic acid 540 mg/100g
Vitamin A 6,346 IU/kg
Vitamin D 513 IE/kg
Vitamin E 605 1U/kg
Vitamin C 101 mg/kg
Beta-carotene 1.5 mg/kg

Energy 419 kcal/100g
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TABLE 3 Composition of astaxanthin krill oil and flaxseed oil in
percent

Fatty acids (%) Astaxanthin krill oil Flaxseed oil
> Saturated 33.5 7.7
>Monounsaturated 28.7 19.5

> Polyunsaturated n-6 1.4 15.7

> Polyunsaturated n-3 16.1 56.4

> Polyunsaturated 18.8 721
n-6/n-3 0.09 0.28

EPA + DHA 124 <0.1

ALA 0.5 56.4

SDA 21 <0.1
Astaxanthin esters 804 mg/kg 0

Peroxide? <2 meq/kg 3.55 meqg/kg

Abbreviations: ALA, a-linolenic acid; DHA, docosahexaenoic acid; EPA,
eicosapentaenoic acid; SDA, stearidonic acid.
2Given as mean of four repetitive analyses from various bottles.

2.2 | Blood sampling and Omega-3 Index

Dogs in both groups were physically examined by a veterinarian
prior to blood sample collection. During this examination, 6-8 ml
of venous blood was collected from the cephalic vein into a va-
cutainer containing EDTA for plasma collection. Red blood cells
(RBC) and plasma were separated by centrifugation at 3,000 rpm
for 15 min at room temperature and kept on dry ice until stored
at -80°C. Omega-3 Index was measured in isolated RBCs at
Omega Quant, University of South Dakota School of Medicine,
USA (Harris et al., 2004). Omega-3 Index is given as EPA + DHA
in red blood cells expressed as a percentage of total identified

WILEY——"

2.3 | Statistical analysis

A mixed-design one-way ANOVA was employed to test the effect
of supplement type (AKO and FSO; between subject factor) on RBC
membrane fatty acid composition. Paired sample t-tests were used
to test for within-group changes across time points for individual
fatty acids. Alpha was set at 0.05.

3 | RESULTS
3.1 | Omega-3 Index

The n-3 analysis from RBCs revealed that baseline levels of Omega-3
Index were similar in the AKO and the FSO groups. The Omega-3 Index
levels in the AKO group significantly increased after 3 weeks, when
compared with the baseline levels, as shown in Figure 2. These levels
were significantly higher also after 6 weeks in the AKO group com-
pared with the FSO group (p < .0001). On the contrary, the Omega-3
Index in the FSO group significantly decreased after 3 and 6 weeks,

when compared with the baseline levels, as shown in Figure 2.

3.2 | N-6/n-3ratio

As shown in Figure 3, the n-6/n-3 ratio was similar in the AKO and the
FSO groups at baseline with 15.91 and 16.51, respectively. The n-6/n-3
ratio in the AKO group significantly decreased after 3 weeks to 9.93,
when compared with the baseline levels (Figure 3). These levels were sig-
nificantly lower also after 6 weeks (10.16) in the AKO group (p <.0001).

On the other hand, a significant increase in the n-6/n-3 ratio was
observed in the FSO group from baseline to 3 and 6 weeks of feed-
ing being 18.62 and 21.57, respectively (Figure 3).

FIGURE 2 The mean omega-3
index + SD values (%) at the three time
points, baseline (O weeks), mid (3 weeks)

fatty acids.
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FIGURE 3 The meann-6/n-3 +SD
values at the three time points, baseline

(0 weeks), mid (3 weeks) and end (6 weeks)
of the study period by supplement type

Weeks

3.3 | Individual fatty acids

The RBC membrane fatty acid composition at O, 3 and 6 weeks in
the two groups is shown in Table 4. In general, a significant increase
in n-3 fatty acids and a significant decrease in n-6 fatty acids were
observed only in the AKO group after 3 and 6 weeks (p < .0001).
The levels of n-3 fatty acids decreased significantly in the FSO group
both after 3 and 6 weeks (p < .0001). The levels of n-6 fatty acids
increased after 3 weeks in the FSO group and then decreased after
6 weeks.

A significant increase in both EPA and DHA was observed in the
AKO group after 3 weeks to 1.67 and 1.16%, respectively, and after
6 weeks to 1.52 and 1.18%, respectively, in comparison to baseline
values of 0.69 and 0.99%. The FSO group had a significant reduc-
tion in both EPA (0.65% at baseline, 0.53% at 3 weeks and 0.43% at
6 weeks), and DHA levels (0.95% at baseline, 0.65% at 3 and 0.54%
at 6 weeks) (Table 4).

Furthermore, a significant increase in DPA concentrations was
observed in the AKO group (0.65% baseline, 1.02% at 3 and 0.98% at
6 weeks) (Table 4). Even though there was an increase in DPA levels
in the FSO group after 3 weeks, these levels dropped to baseline
levels at the end of the study (0.64% baseline, 0.74 at 3 weeks and
0.67% at 6 weeks).

3.4 | Sum of fatty acids

It is evident from Table 4, that both the AKO and FSO group showed
a significant reduction in trans fatty acids at the study end to 0.36
and 0.37%, respectively, in comparison to baseline levels of 0.47 and
0.46%, respectively. Similarly, also the monounsaturated fatty acids
decreased across the study period (AKO: 12.34 to 10.97% and FSO:
12.59 to 10.99%). Moreover, there was a significant increase in RBC
membrane saturated fatty acids in both groups at 6 weeks (AKO:
43.4t0 46.03% and FSO: 43.08% to 46.57%).

4 | DISCUSSION

This study was conducted to quantify differences of short- versus
long-chain PUFA supplementation with FSO and AKO on levels of
Omega-3 Index and n-6/n-3 ratios in RBCs in dogs. The Omega-3
Index was chosen as a marker for whole-body omega-3 status, as
the erythrocyte membrane represents a prototype cell membrane
of which the fatty acid composition correlates to other tissue mem-
branes (Fenton et al., 2016). The index has the advantage of being
an easily available, non-invasive marker for tissue PUFA levels.
Moreover, RBCs have the advantage to represent long-term omega-3
intake with less variability than plasma measurements (Harris, 2013).

Based on the results obtained, it was evident that only dogs re-
ceiving feeds with long-chain PUFAs had a significant increase in the
levels of EPA and DHA in their RBCs, in comparison to dogs that re-
ceived feed containing short-chain PUFAs. The increase in EPA and
DHA led to a significant increase in the Omega-3 Index (Figure 2),
and a significant reduction in the n-6/n-3 ratio (Figure 3) in the RBCs
of the dogs in the AKO group, in comparison to the dogs that re-
ceived FSO in their feeds.

The results from this study demonstrated that long-chain n-3
PUFAs are a better source to increase the Omega-3 Index in dogs
in comparison to the short-chain n-3 PUFAs. The results also sug-
gest that supplementation with AKO is an efficient mean to increase
long-chain n-3 levels in the diet of dogs important for whole-body
homeostasis and to reduce the risk of various diseases (Bauer, 2011;
Filburn & Griffin, 2005; Kaur et al., 2020). As krill is a sustainable n-3
source, its dietary inclusion into pet feed might help to alleviate the
pressure on wild fish stocks (Naylor et al., 2000).

The obtained results are in alignment with other reports, such as a
study carried out by Mueller et al., 2005, where the authors measured
the plasma concentrations of essential fatty acids in dogs (Mueller
etal., 2005). One group of dogs were supplemented with FSO and the
second group with preformed EPA and DHA. The authors only found a

significant increase in EPA and DHA levels associated with a decrease
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TABLE 4 Mean + SE fatty acid composition of RBC membranes (%) across the study period by supplement type (Astaxanthin krill oil,

AKO and flaxseed oil, FSO)

Fatty acid (%) Diet
>Trans AKO
FSO

> Saturated AKO
FSO

>Monounsaturated AKO
FSO

18:3 n-3 (ALA) AKO
FSO

20:5 n-3 (EPA) AKO'
FSO

22:5n-3 (DPA) AKO'
FSO

22:6 n-3 (DHA) AKO'
FSO

18:2 n-6 (Linoleic) AKO
FSO

20:4 n-6 (Arachidonic) AKO
FSO

>n-3 AKO'
FSO

>n-6 AKO
FSO

Polyunsaturated

0 weeks 3 weeks 6 weeks
0.47 +0.01 0.48 +0.01 0.36 £ 0.01
0.46 + 0.00 0.48 + 0.01 0.37 +0.01
43.40 + 0.15 43.52 +0.22 46.03 +0.05
43.08 +0.25 43.62 +0.30 46.57 +0.22
12.34 + 0.14 11.86 + 0.12 10.97 + 0.12
12.59 + 0.17 12.05 + 0.14 10.99 + 0.12
0.28 +0.02 0.24 +0.017 0.18 + 0.01°
0.30 + 0.02 0.37 +0.01° 0.27 +0.01°
0.69 + 0.03° 1.67 £ 0.07° 1.52 £ 0.06°
0.65 + 0.03? 0.53 +0.02° 0.43 +0.02°
0.65 + 0.04° 1.02 + 0.08" 0.98 + 0.07°
0.64 + 0.04° 0.74 + 0.07° 0.67 +0.05°
0.99 + 0.04° 1.16 + 0.05° 1.18 + 0.05°
0.95 + 0.06° 0.65 + 0.04° 0.54 + 0.04°
17.02 + 0.47 15.93 + 0.46 14.08 + 0.22
16.98 + 0.93 16.22 + 0.34 14.29 + 0.25
20.99 + 0.47 21.05+0.41 21.42 +0.33
21.21 +0.82 21.95 +0.41 22.33 +0.34
2.60 + 0.06° 4.09 £0.16° 3.86 +0.13°
2.54 +0.10° 2.28 +0.11° 1.90 + 0.10°
41.19 +0.24° 40.05 +0.12° 38.78 +0.18°
41.34 + 0.19° 41.57 +0.22° 40.19 + 0.23°

Abbreviations: ALA, a-linolenic acid, AKO, astaxanthin krill oil, DHA: docosahexaenoic acid, DPA: docosapentaenoic acid, EPA: eicosapentaenoic

acid, FSO: flaxseed oil.

*Denotes a significant difference in within-group (row-wise) values from week O to 6 at p < .05. Besides, different superscript symbols (a, b) denote a

significant difference between groups (column-wise) values at p < .05.

in ARA in the dogs fed with preformed EPA and DHA. However, only
ALA levels increased in the dogs with FSO supplementation (Naylor
et al., 2000). Similarly, in a study by Bauer et al., 2004, 12 lactating
bitches were fed with ALA that approximated 18-37 g of ALA/day
(depending on the stage of gestation and during lactation), from the
time of insemination throughout gestation, parturition and lactation
(Bauer et al., 2004). For comparison, our study provided 1,068 mg of
ALA per day to the dogs in the FSO group. The authors observed only
a significant increase in ALA levels, with no enrichment in long-chain
PUFAs (EPA, DPA and DHA) in the milk, as well as during the lactation
and gestation period in bitches (Bauer et al., 2004). Based on these
results, the authors suggested that ALA is not an effective precursor
for n-3 long-chain PUFAs.

Over the past 20 years, there has been an increasing interest in
the roles of n-3 long-chain PUFAs, whereas the importance of short-
chain PUFAs, such as ALA in mammals is still not fully elucidated
(Sinclair et al., 2002). A particular consideration is, whether this fatty
acid has an essential role in physiology in its own right or whether its
major function is to serve as a precursor of the long-chain and more
unsaturated n-3 PUFAs, such as EPA, DPA and DHA. So far, in the

light of the existing literature, it seems that the role of ALA is mainly

evident as a precursor for n-3 long-chain PUFAs. However, the sci-
entific evidence is rather limited in dogs, with many studies not find-
ing an increase in EPA or DHA after ALA supplementation through
FSO (Bauer et al., 2004; Mueller et al., 2005). Also in other species
such as horses (Hess et al., 2012), guinea pigs (Fu & Sinclair, 2000),
cats (Rivers et al., 1975) and humans (Gerster, 1998) has a significant
increase in the circulating levels of EPA and DHA been reported,
when preformed EPA and DHA were supplemented in contrast to
ALA supplementation that gave only negligible or no increase in cir-
culating EPA and DHA levels.

The rate-limiting enzyme is delta-6-desaturase, which converts
ALA to stearidonic acid (SDA), before elongation to EPA by an elon-
gase (Gregory et al., 2011). The AKO used contained 2.1% SDA
(Table 3), but it remains unclear how much was converted to EPA and
has contributed to the Omega-3 Index in the AKO-supplemented
dogs.

In this study, we found a significant decrease in EPA and DHA
RBC levels in the FSO group after 3 and 6 weeks. This indicates that
the washout period of 10 days before the study start was not long
enough to fully reduce the n-3 levels after feeding a diet that included

EPA and DHA. It has been suggested previously that membrane
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concentrations of EPA and DHA follow first-order elimination kinet-
ics with different kinetics of EPA and DHA (Hals et al., 2017). It might
therefore be advisable that 8 weeks of washout are considered for
future studies.

The increase in EPA/DHA levels can only be achieved with a rel-
ative amount of decrease in the other fatty acids in the membranes
of RBCs. In this study, the increase in EPA/DHA levels was paral-
leled with a compensatory decrease in the total n-6 fatty acid levels
in the AKO group, which led to a reduced n-6 to n-3 PUFA ratio.
N-3 fatty acids are known for their anti-inflammatory effects as op-
posed to the pro-inflammatory n-6 fatty acids. Hence, an increase
in EPA/DHA levels in combination with a decrease in the n-6/n-3
PUFA ratio, in the AKO group, would be beneficial in providing the
dogs with a more anti-inflammatory immune state. These changes
are of functional relevance to the health of dogs and it is therefore of
interest to increase their Omega-3 Index, associated with a parallel
decline in n-6/n-3 PUFA ratio.

5 | CONCLUSION

This study demonstrated that a QRILL™ AstaOmega krill oil blend is
a better source than FSO for increasing concentrations of essential
long-chain PUFAs in the RBCs of dogs. Hence, the authors empha-
size that attention should be paid to the type of fat source that is
used in standalone supplements or when diets for dogs are formu-
lated, in order to assure a sufficient amount of long-chain n-3 PUFAs
in the diet.
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