ARCTIC
VOL. 59, NO. 2 (JUNE 2006) P. 155—-164

Human Health Implications of Omega-3 and Omega-6 Fatty Acids
in Blubber of the Bowhead Whale (Balaena mysticetus)
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ABSTRACT. Concerns exist regarding the health and nutrition of subsistence-based communities in Alaska. An apparentincrease
in diabetes, heart disease, obesity, and other disease conditions among Alaska Natives has accompanied their change from a
traditional diet to a more “Western” diet. In northern Alaska, the meat, maktak (epidermis and blubber), and other products of
bowhead whales provide important components of Native diets. This study assessed the fatty acid constituents of bowhead whale
blubber to evaluate their possible health benefits. Working with hunters in Barrow, Alaska, we acquired samples for chemical
analysis from five blubber depths at each of six body locations. We used gas chromatography-mass spectrometry of fatty-acid
picolinyl esters to confirm the fatty-acid composition of samples. Analyses indicated that bowhead blubber contains relatively
high levels of omega-3 fatty acids and that, on average, blubber samples from sites at the umbilical girth contain more omega-
3 fatty acids than do samples from a girth 1 m caudal to the blowhole (roughly at the axillary girth). Omega-6 fatty acids were
rare or undetectable in all samples. Omega-3 fatty acids have been suggested or shown to be important in the treatment or
prevention of many diseases, including elevated blood pressure and cholesterol, heart disease, stroke, diabetes, arthritis,
depression, and some cancers. Beyond the cultural benefits associated with subsistence hunting of bowhead whales, consumption
of bowhead whale blubber provides some important health and nutritional benefits.
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RESUME. 1l existe des inquiétudes quant 2 la santé et a I’alimentation des collectivités basées sur la subsistance en Alaska.
L’augmentation apparente du diabéte, des maladies cardiaques, des cas d’obésité et d’autres maladies chez les Autochtones de
I’Alaska va de pair avec leur passage d’un régime alimentaire traditionnel a un régime plus « occidental ». Dans le nord de
I’Alaska, la viande, maktak (épiderme et petit lard), et d’autres produits de la baleine boréale représentent d’importantes
composantes du régime alimentaire des Autochtones. Dans le cadre de cette étude, nous nous sommes penchés sur les composants
en acides gras du petit lard de la baleine boréale et ce, afin de déterminer leurs bienfaits possibles sur la santé. De concert avec
des chasseurs de Barrow, en Alaska, nous avons prélevé des échantillons de cinq épaisseurs de petit lard provenant de chacun de
six endroits différents du corps afin d’en faire I’analyse chimique. Nous avons utilisé la chromatographie en phase gazeuse et la
spectrométrie de masse d’esters picoliniques d’acides gras pour confirmer la composition en acides gras des échantillons. Les
analyses laissaient supposer que le petit lard de la baleine boréale a une teneur relativement élevée en acides gras oméga-3 et,qu’en
moyenne, les échantillons de petit lard provenant des endroits situés a la hauteur ombilicale renferment de plus grandes quantités
d’acides gras oméga-3 que les échantillons provenant d’un endroit situé 1 m de la queue jusqu’a I’évent (environ a la hauteur
axillaire). Dans tous les échantillons, les acides gras oméga-6 se faisaient rares, voire méme indécelables. Certaines recherches
portent a croire ou démontrent que les acides gras oméga-3 jouent un rdle important dans le traitement ou la prévention de
nombreuses maladies, dont I’hypertension artérielle, le taux de cholestérol élevé, les maladies du cceur, les accidents
cérébrovasculaires, le diabete, 1’arthrite, la dépression et certains cancers. En plus des avantages culturels liés a la chasse de
subsistance de la baleine boréale, la consommation du petit lard de la baleine boréale présente d’importants avantages du point
de vue de la santé et de 1’alimentation.

Mots clés : petit lard, baleine boréale, régime alimentaire, acides gras, santé, oméga-3, oméga-6

Traduit pour la revue Arctic par Nicole Giguere.

INTRODUCTION Verbrugge and Middaugh, 2004). Those benefits include

facilitating self-definition and self-determination, main-

The benefits of a subsistence lifestyle for Alaska Natives  taining communities as close-knit entities, providing eco-
have been described by a number of authors (Egeland et  nomic gain, and promoting good nutrition and health.
al., 1998; Hild, 2002; Arnold and Middaugh, 2004; Concern regarding the presence and levels of anthropo-
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genic contaminants in subsistence harvested food has
caused some individuals and communities to reduce con-
sumption of traditional foods that have pronounced health
benefits (Egeland et al., 1998; Arnold and Middaugh,
2004; Verbrugge and Middaugh, 2004). At the Tenth
International Congress on Circumpolar Health in 1996,
elders suggested that fear of contaminated food may pre-
cipitate dietary changes that are more harmful than the
contaminants themselves (Egeland et al., 1998). Tradi-
tional diets high in marine mammals and fish have histori-
cally been suggested to reduce the likelihood of
cardiovascular disease (heart attacks and strokes), diabe-
tes, and other adverse health conditions in Alaska Natives,
while recent changes in dietary preferences have been
associated with increased prevalence of these diseases in
some Native communities (e.g., Nobmann et al., 1992;
Egeland et al., 1998; Hild, 2002; McLaughlin et al., 2004).
The extent to which Inuit subsistence diets actually con-
tribute to reducing the risk of heart disease and stroke has
recently been questioned (Bjerregaard et al., 2003).

The traditional diet of Alaska Natives is generally high
in protein, low in saturated fatty acids, and high in omega-
3 fatty acids, which are polyunsaturated (Eaton and Konner,
1985; Egeland et al., 1998; Nobmann et al., 1998, 1999,
2005). A more “Western” diet, in contrast, has higher
levels of saturated fatty acids, lower levels of unsaturated
fatty acids, and higher levels of omega-6 fatty acids. Gurr
(1999:148) indicates that adiet with ahigh omega-6:omega-
3 ratio is associated with certain disease states and that an
appropriate balance (yet to be determined) has “implica-
tions for future diets and food.”

The proper intake of fatty acids is essential for good
health in humans. There are more than 1000 naturally
occurring fatty acids (Gunstone, 1994). Gurr (1999) notes
that some ambiguity exists regarding what is meant by
“essential fatty acids.” Gunstone and Herslof (2000:75)
define the term as “polyunsaturated fatty acids of the (n-6)
and (n-3) families which are essential for life and good
health,” adding that “they cannot be biosynthesized by
animals and they (or some suitable precursor) must be
obtained from plant sources as part of the diet.” This strict
definition accords with the more generic one (nutrients
that are needed but cannot be adequately provided by the
body) given by Gurr (1999) and suggests that only two
fatty acids—Ilinoleic and alpha-linolenic—are truly “es-
sential.” It is clear, however, that a healthy human diet
should preferentially include or restrict intake of certain
other fatty acids or classes of fatty acids as well (Krauss et
al., 2000). Bowhead whale (Balaena mysticetus) blubber
contains at least traces of 45 fatty acids (Wetzel and
Reynolds, 2004), including several that have been sug-
gested to be beneficial for human health (see, for example,
Nobmann et al., 1999; Kris-Etherton et al., 2002).

Some omega-3 fatty acids have been suggested or shown
to be beneficial in the prevention or treatment of a number
of disease conditions, including high cholesterol, high
blood pressure, heart disease, stroke, diabetes, arthritis,

depression, schizophrenia, attention deficit/hyperactivity
disorder, inflammatory bowel disease, asthma, macular
degeneration, and colon, breast, and prostate cancer (Storien
etal.,1991; Egelandetal., 1998; Gurr, 1999; Kris-Etherton
etal., 2002; Li et al., 2003). Appropriate levels of omega-
3 fatty acids in the diet are also important for healthy
pregnancy and proper neonatal growth and development
(Lanting et al., 1994; Egeland et al., 1998; Martinez et al.,
1998).

The U.S. Food and Drug Administration (FDA) has
found that not all of the scientific evidence for multiple
therapeutic benefits of omega-3 fatty acids is conclusive,
but it is suggestive for reductions in heart disease (FDA,
2004). The Agency for Healthcare Research and Quality
(AHRQ) assessed research evidence and noted that the
benefits of omega-3 fatty acids varied for a variety of
disease conditions; in some cases, however, the data were
insufficient for drawing conclusions (MacLean et al.,
2004). Nonetheless, peer-reviewed studies provide good
evidence of health benefits of omega-3 fatty acids for
conditions such as diabetes (Kris-Etherton et al., 2002)
and heart disease (Li et al., 2003). In fact, numerous
studies (Bang et al., 1976; Bang and Dyerberg, 1980;
Dyerberg, 1989; Nobmann et al., 1999; Kris-Etherton et
al., 2002) have linked omega-3 fatty acids with reductions
in heart disease in general, and specifically to low inci-
dence of heart disease and other beneficial effects in
Greenland Eskimos or Siberian Yupiks in Alaska.

The most important dietary omega-3 fatty acids include
alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA). For most people, the
primary sources of omega-3 fatty acids include oils from
fatty, cold-water fish such as salmon, halibut, and sardine,
which contain EPA and DHA, and oils from plants such as
flaxseed, canola, soybean, and walnut, which contain ALA.
The FDA has not published recommended daily allow-
ances (also referred to as Dietary Reference Intakes or
DRIs) for omega-3 fatty acids, but other groups have. For
example, the Institute of Medicine and National Academy
of Sciences suggest including between 1.3 g and 2.7 g of
omega-3 fatty acids in a 2000 kcal daily diet (National
Academy of Sciences, 2002). Li et al. (2003) report that
recommended intakes for omega-3 fatty acids range from
about 215 mg/day (UK Department of Health, 1991) to
1250 mg/day (British Nutrition Foundation, 1992). The
World Health Organization and North Atlantic Treaty
Organization have made formal, population-based recom-
mendations: for EPA plus DHA, daily recommended
amounts range from 300 to 500 mg/day, and for ALA, the
range is 800—1100 mg/day (Kris-Etherton et al., 2002), a
cumulative amount comparable to that recommended by
the National Academy of Sciences (2002) above. The EPA
plus DHA can be acquired by consuming two to three
servings of fatty fish per week or by taking fish oil
supplements. Since ALA becomes converted internally to
EPA and DHA, people on diets low in plant oils (such as
the traditional diet of Inupiat and other Alaska Natives)
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FIG. 1. Bowhead whale sampling sites and the division of a full-thickness sample into five equal layers. Illustration by Lawson Mitchell, based on an original
illustration by Pieter Arend Folkens/Alaska Whale Foundation, subsequently modified by Mau (2004) and Willetto et al. (2002).

would need to consume greater amounts of the other
beneficial omega-3 fatty acids. Itis noteworthy that exces-
sive intake of omega-3 fatty acids (over about 3000 mg/
day; Kris-Etherton et al., 2002) may lead to health prob-
lems (Egeland et al., 1998).

In this paper, we evaluate the presence and relative
abundance of omega-3 and omega-6 fatty acids in the
blubber of the bowhead whale. This information should
prove useful to subsistence-based communities that har-
vest and consume this species. Such communities must
weigh the relative costs and benefits of continuing to
consume a traditional diet in light of known and perceived
contamination in the Arctic, and the results of this study
provide data that will help inform that decision.

MATERIALS AND METHODS
Sample Acquisition

With the permission and cooperation of Inupiat whaling
captains in Barrow, Alaska, scientists acquired tissue sam-
ples for archival and analysis. The specimens examined
for this study were collected from bowhead whale 98B23,
a sub-adult male measuring 11.7 m in length.

We acquired and examined 29 blubber samples from six
body locations (Fig. 1): dorsal (BD), lateral (BL), and
ventral (BV) sites 1 m caudal to the blowhole, and dorsal
(UD), lateral (UL), and ventral (UV) sites at the level of the
umbilicus. The samples represented five blubber depths
from each site except BD, where only four of five depths
were sampled.

To minimize oxidative or other changes to constituents,
blubber samples originally collected during the fall 1998
bowhead hunt in Barrow were frozen (in Barrow at -20°C;
at University of Alaska, Fairbanks, at -80°C) in separate,
sealed plastic bags. In November 2001, the samples ar-
chived in Fairbanks were sub-sampled for this study,
which used a 5—-10 g sub-sample removed from the center
of each whole sample. The sub-samples were placed in
clean glass jars with Teflon lids and shipped frozen to
Mote Marine Laboratory (Sarasota, Florida) for analysis.
Each sample was labeled with a location code (BD, BL,
etc.) and a depth code (1-5, with 1 representing the most
superficial (0—20%) depth sample and 5 representing the
80-100% depth sample).

Chemical Analyses

The analyses of the bowhead blubber involved esterifi-
cation of bowhead blubber to form fatty acid nitrogen
(picolinyl) esters (Wetzel and Reynolds, 2004). The tech-
nique allows optimal resolution of fatty acid constituents
in the samples.

Approximately 1.0 g of blubber was extracted using a
modified Folch extraction (Folch et al., 1957), with
butylated hydroxytoluene (BHT) added as an antioxidant.
Picolinyl ester derivatives were prepared via a modified
Destaillats and Angers method (Destaillats and Angers,
2002; Wetzel and Reynolds, 2004). Whole lipid was added
to a homogenized mixture of 3-hydroxymethylpyridine
and a solution of potassium tert-butoxide in tetrahydrofuran.
The lipid mixture was then incubated at 45°C for 30
minutes. The organic phase was washed with a 2.5%
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sodium bicarbonate solution, collected, dried over anhy-
drous sodium sulfate, and evaporated under a stream of
nitrogen. The sample was redissolved in hexane. Further
purification of the extracts used a Florisil™ column to
eliminate ancillary compounds that have the potential to
co-elute with fatty acids.

All samples were analyzed by a Thermo-Finnigan Pola-
ris Q gas chromatograph—-mass spectrometer (GC-MS),
equipped with a DBS5 fused silica capillary column (30 m
x 0.25 i.d.) with helium as the carrier gas. The mass
spectrometer was scanned from mass 50 to 500 in 0.5 sec
at an ionization potential of 70 eV. The program rate for
the picolinyl ester analysis began at 80°C for 2 min.,
increased from 80°C to 185°C at 7°C min’!, held for 5 min.,
then from 185°C to 260°C at 5°C min’!, held for 5 min.,
from 260°C to 325°C at 5°C min™', and held for 10 min.

RESULTS

The percent compositions (of total extractable lipid) of
omega-3 fatty acids for the various samples appear in
Table 1. Five different omega-3 fatty acids—18:4(n-3);
20:5(n-3) or eicosapentaenoic acid (EPA); 21:5(n-3);
22:5(n-3) or docosapentaenoic acid (DPA); and 22:6(n-3)
or docosahexaenoic acid (DHA)—represented major com-
ponents (1.0% composition or more) of at least one blub-
ber sample. Collectively these five omega-3 fatty acids
represented more than 10% (percent composition) of all
fatty acids present in 25% of the samples analyzed (see
Table 1; range of all omega-3 fatty acids per sample =
1.70-16.43%; overall mean for all samples = 8.83%).
Eicosapentaenoic acid, the most prevalent omega-3 fatty
acid, was found in every blubber sample. High EPA levels
occurred in a number of samples at various locations and
blubber depths (Table 1).

On average, the samples taken from a girth one meter
caudal to the blowhole had a statistically smaller percent
composition of omega-3 fatty acids (Table 1; mean =
7.41%; SD =4.58) than did samples taken from the umbili-
cal girth (mean = 10.14%; SD = 2.16; t-test: p = 0.0472).
These differences in omega-3 fatty acid levels in samples
from the different girths are illustrated in Figure 2.

The distribution and relative prevalence of the indi-
vidual omega-3 and omega-6 fatty acids are shown in
Figure 3. Eicosapentaenoic acid (EPA) is found in rela-
tively high amounts (1.70% to 10.98% composition) at all
sample sites. DHA and DPA are both found in modest to
high amounts in most (9 of 15) samples from sites at the
blowhole girth and in all samples from umbilical sites. The
other reasonably common omega-3 fatty acid, 18:4(n-3),
is found exclusively in samples from umbilical sites.
These combined distributions contribute to the umbilical
girth sites’ being generally richer in omega-3 fatty acids
than the sites at the girth 1 meter caudal to the blowhole.

Conversely, the omega-6 fatty acids, 15:1(n-6) and
20:4(n-6) (arachidonic acid), were generally undetectable

and represented only minor components of four of 20
samples (Table 1).

DISCUSSION

The results of our analysis are based on detailed exami-
nation of samples from a single individual bowhead whale;
thus, they may or may not apply well to bowhead whales
in general. For example, it is impossible from our study to
assess the extent to which gender, age, or season (i.e.,
animals taken during the spring hunt vs. those taken during
the fall hunt) may affect fatty acid composition of blubber.
We have not replicated these rather costly analyses with
other whales to confirm the fatty acid constituents of their
blubber in the three-dimensional manner we employed.
Nonetheless, to the hunters and scientists (including a
veterinarian) present, the whale from which samples were
taken appeared to be a healthy animal representative of
“normal” landed bowhead whales. It should also be recog-
nized that analysis of fatty acids for foraging studies is
commonly done (e.g., Iverson et al., 1997) with the as-
sumption that specific prey species have a particular “sig-
nature” that is relatively common to all individuals of that
species. In other words, especially for highly specialized
feeders (such as bowhead whales) and organisms at lower
trophic levels (including bowhead whales), fatty acid con-
stituents are assumed not to vary much among individuals
of a particular species. Even for predators with complex
foraging strategies (e.g., bottlenose dolphins, Tursiops
truncatus) the general fatty acid profile for adult animals
in a particular year and geographic location is similar
(Wetzel et al., unpubl.). Thus, even though our informa-
tion is from a single individual, it is likely to be at least
somewhat representative of the species and of other indi-
viduals consumed by northern communities.

The fatty acid constituents of bowhead whale blubber
confer important nutritional benefits on subsistence con-
sumers. The relatively low percentage of saturated fatty
acids (7.97% to 27.25% composition for different blubber
samples; Wetzel et al., unpubl. data) may relate function-
ally to maintaining a fluid state for the outer layers of
blubber in extremely cold (< 0°C seasonally) Arctic wa-
ters, but incidentally it is consistent with recommenda-
tions for a healthy diet for people. The percentage of fatty
acid classes in different blubber samples is quite variable,
ranging from 57.93% to 80.48% for monounsaturated and
from 2.8% to 18.86% for polyunsaturated fatty acids
(Wetzel et al., unpubl. data).

The high amounts (range = 1.70% to 16.43% composi-
tion; mean = 8.83%) of omega-3 fatty acids are also
consistent with recommendations for a healthy diet. Spe-
cifically recommended for an adult are approximately
300-500 mg/day of EPA plus DHA (Kris-Etherton et al.,
2002). These are, by far, the most abundant omega-3 fatty
acids in bowhead whale blubber (Table 1), and EPA ranks
among the most prevalent fatty acids of any type in the



FATTY ACIDS IN BOWHEAD BLUBBER ° 159

TABLE 1. Percent composition (i.e., percent of total extractable lipids) of omega-3 fatty acids and omega-6 fatty acids in bowhead whale
blubber samples. Sample locations are indicated by site and layer and described in Methods. ND indicates that presence of a particular fatty
acid could not be detected by the gas chromatograph—mass spectrometer. For calculations of means and standard deviations, a value of zero
was used for ND. Fatty acids listed in bold are especially beneficial for human nutrition.

Omega-3 Omega-6
Site/Layer 18:4(n3) 20:5(n-3) 21:5(n-3) 22:5(n-3) 22:6(n-3) Total 15:1(n-6) 20:4(n-6)
(EPA) (DPA) (DHA) Omega-3
BD2 ND 5.44 ND 0.81 1.65 7.90 Trace ND
BD3 ND 7.52 ND 1.16 1.68 10.36 ND ND
BD4 ND 4.72 ND 0.70 0.87 6.28 ND ND
BDS ND 5.63 ND ND ND 5.63 ND ND
BL1 ND 2.81 ND ND ND 2.81 ND ND
BL2 ND 5.76 ND 1.08 1.08 7.52 ND ND
BL3 ND 8.74 ND 2.72 2.72 12.64 ND ND
BL4 ND 5.10 ND ND ND 5.10 ND ND
BLS ND 8.37 0.31 0.31 3.74 14.04 Trace 0.24
BV1 ND 2.12 ND ND ND 2.12 ND ND
BV2 ND 1.70 ND ND ND 1.70 ND ND
BV3 ND 2.45 ND 0.23 0.39 3.07 ND ND
BV4 ND 5.87 ND 0.87 1.43 8.17 ND ND
BVS ND 10.98 ND 1.64 3.81 16.43 ND ND
Mean B 5.52 0.02 0.63 1.24 7.41 (Trace) 0.02
SDB 2.72 0.08 0.61 1.36 4.58 0.06
UD1 1.25 9.26 ND 0.99 2.08 13.58 ND 0.25
UD2 0.47 4.07 ND 0.54 0.84 593 ND 0.37
UD3 0.48 5.40 ND 0.72 0.97 7.58 ND ND
UD4 0.48 5.43 ND 0.72 0.98 7.62 ND ND
UDS5 0.76 4.67 ND 1.11 1.65 8.18 ND ND
UL1 0.76 7.46 ND 0.91 1.73 10.87 ND 0.20
UL2 0.45 6.96 ND 1.53 1.37 10.32 ND ND
UL3 0.37 6.63 ND 1.85 1.58 10.44 ND ND
UL4 ND 7.35 ND 2.05 1.69 11.09 ND ND
ULS ND 5.79 ND 1.97 1.56 9.32 ND ND
UVl 0.43 7.47 ND 1.67 1.84 11.42 ND ND
uv2 0.44 7.22 ND 1.55 1.55 10.76 ND ND
Uuv3 0.39 5.97 ND 1.87 1.51 9.75 ND ND
uv4 0.60 7.26 ND 1.51 2.39 11.75 ND ND
UVvs5 0.46 9.80 ND 1.87 1.45 13.58 ND ND
Mean U 0.49 6.72 1.39 1.55 10.14 0.05
SDU 0.22 1.44 0.52 0.39 2.16 0.11
Overall Mean 0.25 6.14 0.01 1.03 1.40 8.83 (Trace) 0.04
Overall SD 0.33 2.24 0.06 0.67 0.98 3.74 0.10

blubber (Wetzel et al., unpubl. data). Interestingly, EPA is
found at every blubber sample site, whereas the distribu-
tion of DHA and DPA (the other relatively abundant
omega-3s) is skewed toward the umbilical sites.

Unlike the omega-3 fatty acids, the omega-6 fatty acids
are either very minor components of whale blubber sam-
ples, or are undetectable. In whale blubber, the ratio of
omega-3 to omega-6 fatty acids is on the order of several
hundred to one. Since approximately a 1:10 ratio of these
compounds is recommended (National Academy of Sci-
ences, 2002), the omega-6 fatty acids in Inupiat diets
would have to come from other sources, possibly even
untested sources (such as meat) from the bowhead itself.

The majority of bowhead blubber (77%, on average, but
dependent on location) is lipid (Mau, 2004), and most
(93.9-100%) of the lipid in bowhead blubber is in the
form of triglycerides (O’Hara et al., 2001), molecules
containing three fatty acids attached to a small glycerol

backbone. If one assumes that a) a representative piece of
bowhead whale blubber is 95% triglyceride; b) triglycer-
ide is 95% fatty acids; and c) EPA and DHA (combined)
represent approximately 9%, on average, of the fatty acids
present in bowhead blubber (from Table 1), then one can
estimate the mass of omega-3 fatty acids in a blubber
sample. For example, 1 g of blubber (i.e., the same mass as
a single packet of artificial sweetener) would contain
approximately 63 mg of essential omega-3 fatty acids
(0.77 x0.95 x0.95%0.09 x 1 =0.063 g). Thus, consump-
tion of 10 g of bowhead whale blubber provides, on
average, 630 mg of omega-3 fatty acids and satisfies the
recommended daily allowance (up to 500—800 mg) of
EPA plus DHA for adults (recalling that ALA comes from
plant sources). The amount of EPA plus DHA in 10 g of
blubber is comparable to the amounts found in a 3 oz (or
85 g) portion of some salmon (Kris-Etherton et al., 2002).
For comparison, a 3 oz portion of bowhead blubber would



160 « J.E. REYNOLDS, III et al.

Percentile Legend:

£ 16 A ° 95th
[ 90th
N 14 A
S ] |
g 75th
®) 10 A
T3
k= L Median
% 6 - °

4 _
& 25th
S 5 ] 1 10th
E?* 5th

0 T T

UMB BH

FIG. 2. The percent composition of all omega-3 fatty acids for samples taken
from locations at the umbilical girth (UMB) and from a girth 1 meter caudal to
the blowhole (BH).

contain 5355 mg (= 5.355 g) of EPA plus DHA, or 7-10
times the recommended daily allowance.

Is 10 g per person per day a realistic amount of blubber
for Inupiat communities to consume? When a bowhead
whale is harvested, tens or hundreds of people participate
in the butchering and distribution of meat and blubber. A
delicacy thatis distributed to warm and nourish the partici-
pants during this process is called unalik (boiled maktak,
or epidermis and associated blubber). Many pieces of
unalik that are consumed well exceed 10 g in weight, and
it would not be unusual for a person to consume several
pieces while a whale is being processed.

Thus, it is possible that a person could consume sub-
stantially more blubber than 10 grams in a given day.
Egeland et al. (1998) noted that excessive intake (defined
by Kris-Etherton et al., 2002 as amounts over 3 g/day) of
omega-3 fatty acids may potentially produce some nega-
tive health consequences (e.g., immune system suppres-
sion or prolonged bleeding during traumatic injuries).
Interestingly, Nobmann et al. (2005) found that among
some groups of Eskimos in northwest Alaska, men con-
sumed an average of up to 6.8 g of omega-3 fatty acids per
day, and women as much as 6.5 g/day. This amount
exceeds the threshold of “excessive” noted by Kris-Etherton
et al. (2002) but correlates well with our results regarding
the amount of omega-3 fatty acids that would be consumed
by eating a single 3-o0z portion of bowhead whale blubber
containing, on average, 5.4 g of omega-3 fatty acids.

From the available research, we are aware of no evi-
dence of human health problems associated with Alaskan
Native consumption of high amounts of omega-3 fatty
acids, whereas, as noted above, numerous studies have
correlated a variety of disease conditions with insufficient
omega-3 fatty acid intake. The National Academy of
Sciences (2002) indicates that consumption of 1.3-2.7 g of

omega-3 fatty acids is appropriate given a daily energy
intake of 2000 kcal. For people leading a physically active
lifestyle (including subsistence users), it seems likely that
more than 2.7 g of omega-3 fatty acids could be ingested
daily without negative effects.

Subsistence users may also be concerned that despite
the benefits from the standpoint of omega-3 fatty acids and
other nutrients, high intake of bowhead blubber might
cause health problems if contaminant loads are high. This
does not appear to be a cause for concern. Hoekstra et al.
(2005) assessed persistent organochlorine (OC) contami-
nants in bowhead whale tissues and found that OC concen-
trations were lower than those in other marine mammals
examined, presumably because of the low trophic level
occupied by the bowhead. In addition, Wetzel and col-
leagues (unpubl. data) have examined bowhead tissues for
polycyclic aromatic hydrocarbons (PAHs) and did not find
these oil-related contaminants at detectable levels. Both
studies concluded that, with respect to the contaminant of
concern (OCs or PAHs), consumption of bowhead whale
appears to be safe at present. It is possible that other,
undocumented lipid-soluble contaminants may exist.

Unalik and maktak represent only two of many common
ways in which Inupiat people consume blubber. By defini-
tion, both are from superficial sites, since the epidermis is
attached. Our limited sampling indicates that all of the
superficial umbilical sampling sites appear to be espe-
cially nutritious, in terms of omega-3 fatty acids; in fact,
samples taken at all depths at the umbilical ventral (UV)
and umbilical lateral (UL) sites contain abundant omega-
3 fatty acids. As noted above, EPA is found in relatively
high amounts in all sample sites, but the distributions of
DHA, DPA, and 18:4(n-3) are all skewed heavily toward
the umbilical girth sites. Thus, consumers of bowhead
blubber are likely to get one of the two most important
omega-3 fatty acids (EPA) regardless of the places from
which blubber is taken, but will be most likely to get the
other nutritionally important omega-3 (DHA) in blubber
from sites along the umbilical girth.

The two superficial locations sampled one meter caudal
to the blowhole (blowhole lateral [BL] and blowhole
ventral [BV]) both contained relatively small amounts of
omega-3 fatty acids, but still represent a source of these
nutrients. This finding is not surprising in those locations,
since the outer blubber layer is relatively lipid poor,
compared to the inner and middle blubber layers (Mau,
2004). It is interesting to note that the site with the highest
percent composition of omega-3 fatty acids is BVS5.

One might question whether blubber from particular loca-
tions and depths is especially sought for its taste, for health,
or for other culturally related reasons. In fact, blubber and
maktak from the omega-3 rich umbilical girth sites get splitin
two: half goes to the successful crew members, and the other
half is served to the public at a post-harvest celebration at the
captain’s house (Willetto et al., 2002).

Bowhead whales are huge, reaching lengths approach-
ing 66 ft (20 m) and weights in excess of 60 tons. The
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FIG. 3. Relative distribution and abundance of omega-3 and omega-6 fatty acids in 29 samples of blubber from a bowhead whale. Depth (Y-axis) refers to the five
sampling depths at each sample site, with 1 being most superficial. The letters on the X-axis represent sampling sites where BD = blowhole dorsal, BL = blowhole
lateral, BV =blowhole ventral, UD =umbilical dorsal, UL = umbilical lateral, and UV = umbilical ventral. The size of the squares within any particular box indicates
the relative abundance of that particular fatty acid among locations. The scale (size of the squares) is not consistent for all fatty acids shown; the actual percent
compositions of different fatty acids in each sample are provided in Table 1.
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blubber encasing the body of a whale may be quite thick
(38-42 cm [George et al., 2002; Mau, 2004]). Thus, the
blubber of a single harvested whale represents an enor-
mous resource for subsistence communities along Alas-
ka’s North Slope. In Barrow, 75% of Inupiat households
consume bowhead whale at a rate of 216 kg per household
each year (Huntington et al., 1998).

Muscle tissue (skeletal and cardiac) of bowhead whales,
as well as other cetacean species, also contains lipids
(O’Hara et al., 2004). Muscle lipid stores may increase
seasonally (George et al., 2002). If those stores include the
same percentages of omega-3 fatty acids that exist in
blubber, consumption of bowhead meat, tongue, and heart
would provide a significant source of these nutrients, plus
protein and other components of a healthy diet (O’Hara et
al., 2004). These tissues may also contain omega-6 fatty
acids, which were notably scarce in blubber.

There are few thorough descriptions of fatty acid con-
stituents of blubber and maktak of bowhead and other
whales. Nobmann and her colleagues (e.g., Nobmann et
al., 1998, 1999, 2005), who assessed the diet of Siberian
Yupiks in Alaska, found that traditional foods such as
maktak (or muktuk) contribute to the high omega-3 intake
among these people. In fact, the five foods that provided
the greatest sources of omega-3 fatty acids in diets of
Northwest Alaska Natives were seal oil, salmon, mayon-
naise, maktak, and chips, in that order. Nobmann et al.
(1999:254) concluded that “consumption of traditional
foods is important for maintaining cardiovascular health.”

In some marine mammal and fish species, omega-3
fatty acids may represent 15—-45% of all fatty acids present
and provide an important source of these nutrients (Malcolm
etal., 1996), which has encouraged the Alaska Division of
Public Health to support the consumption of traditional
foods. Our study documents the importance of bowhead
whale blubber as a source of omega-3 fatty acids for some
subsistence communities. The harvest of bowhead whales
remains controversial (Marine Mammal Commission,
2001), but the bowhead as a traditional food makes sense
nutritionally for Alaska Native communities.
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