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Abstract

The key messages are:

To survive in the Arctic, Inuit had for centuries to
rely on fish, mammals and some plants such as wild
berries and seaweeds. However, since the 1990’s, the
consumption of country food has decreased markedly,
and the rapid food transition towards a western diet
has led to excessive intake of carbohydrate, salt and
trans-fatty acids. The obesity prevalence is increasing,
and cardiovascular diseases and risk factors have
become major health issues. Global environmental
changes also affect Inuit dietary patterns in many ways
including the availability of local animal and plant
species and/or the concentration of environmental
contaminants. The traditional country food diet in
Nunavik is very rich in key protective nutrients such
as omega-3 polyunsaturated fatty acids and selenium.
Wild berries, seaweed and other plants found in
Nunavik may provide plant-derived nutrients and
secondary metabolites that also offer unique potential
for the prevention or management of metabolic disease
and associated cardiovascular complications and
to offset some deleterious effects of environmental
contaminants exposures. Moreover, specific proteins
found in fish may contribute to beneficial actions on
insulin sensitivity, lipid metabolism and inflammation.
With a better understanding of the overall benefits
of nutrients present in the different country foods
consumed in Nunavik, we can better orient public
policies aiming to improve country food consumption
and food security, promote Inuit culture, minimize the
risks from environmental contaminant exposure and
the emergence of obesity, diabetes and cardiovascular
diseases in this population and across the Arctic.

From studies among the Nunavik population:

Key Messages
2011-2012/2012-2013: Marine Fatty Acids
project
The research with a focus on fatty acids and particularly
n-3 fatty acids (n-3) of marine origin and their impacts
on certain risk factors for cardiovascular disease as
measured in Inuit populations is now completed.
ArcticNet Annual Research Compendium (2012-13)

• The nutrition transition reached an advanced
stage in the Inuit population, especially among
the youngest adults: a decline of 25% has been
observed in the Nunavik Inuit population in
blood levels of total n-3 between 1992 and 2004
and a rise of 9% in omega 6 fatty acids (n-6) has
been observed over the same time period. This
temporal shift in the lipid profile of the Nunavik
Inuit population can be described as a decline
in the overall health status of the population
with respect to cardiovascular health risk since a
decrease in the consumption of traditional marine
foods for the benefits of processed foods leads to
lower levels of n-3 PUFAs and an increase in n-6;
• n-3 of marine sources are significantly
associated with beneficial effects on the plasma
concentrations of High Density Lipoprotein
(HDL), apo A1 and triglycerides, as well
as the concentrations of C-Reactive protein
(CRP), which are important risk factors for
cardiovascular disease (CVD). The higher
the levels of eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) of marine origin,
particularly measured in red blood cells, the more
significant the association becomes. This effect is
strongest among the Inuit population of Nunavik
in comparison with the Cree of Northern Québec,
as well as the province’s non-native population;
• Trans-fatty acids, the most deleterious of dietary
fats, are significantly more elevated among
younger groups (18-29 of age) of the Inuit
population in comparison with older groups (> 45
of age) as measured in 2004;
• Thus, combined with an adequate intake of n-6
(i.e. a balanced n-6: n-3 ratio), the consumption
of fish and other marine products rich in n-3 fatty
acids appears to be a significant factor in the
management of CVD and should be encouraged,
especially among the youth;
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• n-3 fatty acids seem to have a beneficial effect on
blood pressure among Nunavik Inuit adults when
considering the deleterious impact of mercury
(Hg) exposure and other confounders while a
beneficial impact on resting heart rate (HR) and
heart rate variability (HRV) was only observed
among women.

From studies among the population of Nunavut,
Nunatsiavut and the Inuvialuit Settlement Region:
• DHA levels were associated with increasing
diastolic blood pressure after adjusting for
traditional risk factors as well as selenium (Se) and
contaminants also present in the traditional diet
of these populations. These unexpected results do
not confirm the hypothesis of a beneficial effect
of n-3 on blood pressure in these populations with
moderate n-3 levels. However, considering the
limitations of cross-sectional studies, these results
should be confirmed using a cohort design;
• No significant effect of n-3 on resting HR and
HRV was observed in adults. Our research
team have now conducted analyses in various
populations with moderate to high n-3 levels and
for which adjustments for Hg levels were included
in the analyses, allowing a better understanding
of the relationship between marine n-3 and these
cardiovascular risk factors;
• n-3 and n-6 blood levels were significantly lower
for inland communities in comparison with coastal
regions, while saturated and trans-fatty acids
levels of inland communities were significantly
higher, reflecting consumption patterns of marine
mammals and fish.

2012-2013 - Country Foods Health Benefits
project
• Better understanding the overall benefits of
country foods consumed in Nunavik will support
and orient community-based projects and public
policies aiming to improve food security, promote
Inuit culture and youth empowerment, minimize
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the risks from environmental contaminant
exposure, and the emergence of obesity, diabetes
and cardiovascular diseases in this population and
across the Arctic.

Objectives
Country Foods Health Benefits (2012-2014)
We will measure new biomarkers of Se status and
selected phytochemicals, and investigate relations
between these and emerging health issues such as
obesity, diabetes and cardiovascular diseases risk
factors in Inuit adults. We will also collect country
foods and measure total Se, identify the forms of Se and
measure other micro- and macronutrients (vitamins,
minerals, fibres, proteins, lipids and phytochemicals)
present in various traditional foods prepared and
eaten by Inuit populations. We will also explore the
traditional ecological knowledge, health benefits
(obesity, diabetes, cardiovascular health, and immune
system), social and gender role, and economic aspects
of wild berries, seaweed and other plants in Nunavik
via a literature review and discussions with community
stakeholders in different villages. From this pilot project
on health benefits of country foods, we aim to develop
community-based intervention projects as well as larger
interdisciplinary research/intervention proposal to be
submitted in 2013 for the “Pathways of equity” grant
competition of the Institute of Aboriginal Peoples’
Health (CIHR).

Specific objectives
1. In Inuit adult population from Nunavik:
1.1. Measure various new biomarkers of Se status [selenoproteins such as selenoprotein P
(SelP), glutathione peroxidases (GPx1, 2, 4)
and thioredoxin reductase (TRxR), plasma
total Se (P-Se), inorganic Se (Se+4 and Se+6),
selenoneine, selenocysteine (SeCys), selenomethionine (SeMet) and selenoalbumin
(SeAlb)] in archived blood samples from
the 2004 Inuit Health in Transition Study
3
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(n=900) randomly selected adults, between
18 and 74 years old);
1.2. Investigate the associations between the various biomarkers of Se status;
1.3. Examine the associations between the biomarkers of Se status and diabetes and CVD
risk factors (e.g. fasting glucose and insulin,
lipids profile, blood pressure, PON1 activity,
inflammatory biomarkers) evaluated during
the Inuit Health in Transition Study, taking
into account co-variables, interactions with
contaminants (methyl mercury (Hg), Polychlorinated Biphenyls (PCBs), other metals)
and other potential confounders;
1.4. Examine the association between wild berries and seaweed consumption and obesity,
diabetes and CVD risk factors in this same
study population, taking into account covariables, interactions with contaminants
(MeHg, PCBs, other metals) and other potential confounders;
1.5. Measure selected phytochemicals (flavonoids, carotenoids, etc.) and their metabolites
in archived blood samples from the 2004 Inuit Health in Transition Study in a subsample
of the study participants reporting high wild
berries and seaweed consumption (n=125) to
further explore the associations described in
obj. 1.4. (NEW!);
1.6. Measure n-3 metabolites (i.e. n-3-derived
resolution mediators such as protectins and
resolvins) in archived blood samples from
the 2004 Inuit Health in Transition Study in
a subsample of the oldest study participants
(n=400) (NEW!);
1.7. Examine the associations between the n-3
metabolites and diabetes and CVD risk factors (e.g. fasting glucose and insulin, lipids
profile, blood pressure, PON1 activity, inflammatory biomarkers) evaluated during
the Inuit Health in Transition Study (NEW!);
2. In Nunavik country foods and with community
members:
ArcticNet Annual Research Compendium (2012-13)
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2.1. Collect selected country foods (raw, dried,
aged: marine mammals, freshwater and
marine fish, land mammals, wildfowl, wild
berries, seaweed and other plants) from several Nunavik villages in collaboration with
the Hunter support program, the community
members and the Nunavik Research Center
of Makivik Corporation;
2.2. Measure total Se concentrations and Se
chemical species in country food samples;
2.3. Determine the age of mammals, fish, birds
and seafood country food samples;
2.4. Characterize and quantify different phytochemicals (flavonoids, carotenoids, etc.),
macronutrients, vitamins, minerals and environmental contaminants in wild berries,
seaweed and other plants consumed by Inuit
in Nunavik;
2.5. Assess the bioactivity (evaluate the protective potential) of wild berry and seaweed
extracts in in vitro models pertinent to the
prevention and treatment of chronic diseases
(antioxidant, antiglycation and anti-inflammatory);
2.6. Conduct a literature review on bioactive phytochemicals, micronutrients and macronutrients possibly found in wild berries, seaweed
and other plants species consumed in Nunavik, on nutritional and cardiovascular health
benefits, Inuit traditional ecological and medicinal knowledge, social and gender roles
associated with gathering and consumption
as well as environmental and climate change
aspects related to these plants in Nunavik
and elsewhere;
2.7. Discuss with different stakeholders in the
communities in order to explore the ecological, health, cultural and socio-economic aspects that could be of interest for the communities and how we could provide information
and support in developing community-based
initiatives aiming to better promote the con4
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sumption, the distribution and eventually the
commercialisation (e.g. wild farming etc.) of
berries, seaweed and other plants between
communities, and if of interest, to other regions outside Nunavik;
2.8. Determine the seasonal variation of n-3 and
total lipid content in Arctic char (NEW!);
2.9. Characterise the protein profile of fish species most frequently consumed by Inuit
(Arctic char, brook trout, lake whitefish,
sculpin, lake trout), ringed seal, blue mussel,
caribou, ptarmigan and Canada geese meat
in Nunavik (n=50) (NEW!).

Introduction
Food insecurity is frequent in Nunavik, about 24%
(1). Since the 1990’s, the consumption of country food
has decreased markedly, and the rapid food transition
towards a western diet has led to excessive intake
of carbohydrate, salt and trans-fatty acids (1,2). The
obesity prevalence is increasing, and cardiovascular
diseases and risk factors have become major health
issues (1-3). Global environmental changes also affect
Inuit dietary patterns in many ways including the
availability of local animal and plant species and/or
environmental contaminants concentrations (4-7).
The country food diet in Nunavik is very rich
in key protective nutrients such as omega-3
polyunsaturated fatty acids (n-3) and selenium (Se).
Inuit populations present among the highest intake
of n-3 and Se in the world (1,8). Several marine fish
and mammals are naturally rich in eicosapentaenoic
(EPA) and docosahexaenoic (DHA) acids, while
docosapentaenoic acid (DPA), uncommon in fish oils,
is a substantial component of ringed seal and beluga
blubbers. Moreover, exceptional Se concentrations
are found in beluga mattaq, an Inuit delicacy made of
beluga skin and blubber (9).
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health and associated risk factors (1-3, 8, 10, 11).
Under the Marine Fatty Acids component of this
project, we have studied the associations between
fatty acids and different cardiovascular health risk
factors, specifically: blood pressure, heart rate and
heart rate variability, an inflammatory biomarker
(C-reactive protein), triglycerides and HDL among
Inuit of Nunavik. Among Inuit populations across
the Canadian Arctic and sub-Arctic (2007-2008 IPY
study), we described spatial and temporal profiles and
trends of fatty acids, as well as that of trans-fats as an
indicator of dietary transition. It is also important to
measure the abundance of the resolution mediators of
n-3 PUFA (n-3 metabolites) such as the resolvins and
protectins since these derivatives have been recently
reported to exert potent anti-inflammatory effects
in animal models of obesity and to contribute to the
maintenance of insulin sensitivity (12).
Se is an anti-oxidant mineral and central component of
25 selenoproteins essential to cell and body functions
(13). In fishing populations, evidence suggests that
high dietary Se intake may offset some deleterious
effects of methylmercury exposure (8,10,11,14,15).
However, in the United States and Europe, elevated
plasma Se has been associated to type 2 diabetes,
hypercholesterolemia and/ or hypertension (16). In
addition to plasma Se, the most common biomarker
of Se status, several other blood biomarkers (e.g.
selenoproteins, selenoneine and other small Se
compounds) have been identified (17,18). The
chemical forms of Se found in different country foods
will also influence Se absorption and bioavailability
for selenoprotein synthesis and related-health effects
as well (19).

High intake of n-3 has been associated with several
positive outcomes relating to cardiovascular

With limited access to fruits and vegetables, wild
berries and seaweeds found in Nunavik provide
otherwise scarce plant-derived nutrients and secondary
metabolites that not only improve dietary quality but
may help prevent or manage metabolic disease and
associated cardiovascular complications. Indeed, plantbased foods are an important source of fibre, vitamins
and minerals. Many are also rich in antioxidants,
including vitamins C and E, as well as polyphenols
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(flavonoids and tannins) and carotenoids (20, 21).
Several of these phytochemicals have been reported to
prevent or decrease lipid peroxidation, Low Density
Lipoproteins (LDL) oxidation, decrease glycaemia,
improve insulin secretion and sensitivity, and/or
act as vasoprotective and anti-inflammatory agents,
possibly due to their diverse actions on metabolic
processes (20,21). Moreover, in addition to their
antioxidant activity, certain phytochemicals chelate
heavy metal ions, reducing the bioavailability and
subsequent toxicity of dietary contaminants such as
methylmercury (19,22,23). Specific proteins found
in fish may also contribute to beneficial actions on
insulin sensitivity, lipid metabolism and inflammation
(24). Up to now, no information is available on protein
profiles of fish species and other country foods found
in Nunavik.

Country Foods

Françoise Proust completed her PhD, entitled:
“Consommation de poisson et prévention des facteurs
de risque des maladies cardiovasculaires dans des
populations isolées” and presented her doctoral results
at the ArcticNet conference in December 2012.

acid status of three high fish consuming populations
that are undergoing a nutrition transition and to
evaluate the effects of n-3 PUFA on cardiovascular
disease (CVD) risk factors in these populations. The
analysis of fatty acid blood profiles carried out among
188 adults and 117 adolescents from French Polynesia
revealed marked generational and geographical
patterns, with the youngest showing significantly
higher n-6:n-3, which is a major determinant of
cardiovascular risk. A similar study conducted among
861 Inuit adults from Nunavik showed that compared
to 1992, they had significantly deteriorated n-3
PUFA profiles in 2004 (–25%) for the benefit of n-6
PUFAs (+9%), and that nutritional transition seems
more accelerated among the youngest. In the same
population, the relationship between n-3 PUFAs and
CVD risk factors evaluated among 740 adults showed
a beneficial effect of high n-3 PUFA concentrations
on plasma lipids. Finally, the results of a health study
conducted among 613 Cree adults from the James Bay
suggested that high n-3 PUFA concentrations found in
the oldest adults may have a positive impact on nonHDL CVD risk factors. In conclusion, these studies
suggest that if high concentrations of n-3 PUFA seem
to have a beneficial effect on several CVD risk factors,
a decrease of these n-3 PUFA blood levels following
a progressive shift away from traditional diet could
reduce their apparent protection against CVD.

Thesis abstract

Publications

Numerous epidemiological, clinical and experimental
studies have shown that omega-3 polyunsaturated
fatty acids (n-3 PUFAs) of marine origin, especially
EPA (eicosapentaenoic acid, C20:5n-3) and DHA
(docosahexaenoic acid, C22:6n-3) may have beneficial
effects on cardiovascular health. Marine populations
generally have higher blood concentrations of n-3
PUFAs than other populations, and their often
observed low incidence rate of ischemic heart
disease has been attributed to their diet rich in fish.
However, major changes to the diet and lifestyles of
these populations could rapidly recall into question
the cardioprotective effects of these fatty acids. The
objective of the present thesis was to determine fatty

Relationship between omega-3 long-chain
polyunsaturated fatty acids and cardiovascular disease
risk factors among Nunavik Inuit adults (submitted)

Activities
Marine fatty acids project (2011-2012)
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Omega-3 (n-3) long-chain polyunsaturated fatty acids
(LC-PUFAs) of marine origin EPA (eicosapentaenoic
acid, C20:5n-3) and DHA (docosahexaenoic acid,
C22:6n-3) have been associated with potential benefits
on cardiovascular health. We aimed to assess the
relationships between red blood cell (RBC) EPA and
DHA, and cardiovascular disease (CVD) risk factors
in a cross-sectional study among a representative
sample of 740 Nunavik Inuit adults aged 18–74 y
who participated in the Qanuippitaa? Health Survey.
6
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RBC EPA+DHA accounted for 6.6% (SEM 0.1)
of total FAs, and more than one subject reached
a mean level of EPA+DHA ≥8%. EPA, DHA and
EPA+DHA were positively associated with increasing
HDL-cholesterol (β = 0.1, P<0.0001; β = 0.03,
P<0.0001 and β = 0.02, P<0.0001, respectively) and
apolipoprotein A1 levels (β = 0.04, P = 0.002; β =
0.01, P = 0.005 and β = 0.01, P = 0.01, respectively).
EPA and EPA+DHA were inversely associated with
triacylglycerols (TG) (β = –0.10, P = 0.0001 and β
= –0.02, P = 0.02, respectively) and to total to HDL
cholesterol ratio (β = –0.04, P = 0.02 and β = –0.01, P
= 0.05, respectively) after adjustment for confounders.
These results indicate that high RBC levels of EPA and
DHA from marine food favourably influenced CVD
risk factors among Nunavik Inuit adults. Hence, the
Inuit traditional marine diet based on fish and marine
mammals appears to be a significant factor in CVD
management and should be highly encouraged.
Marine food consumption and fatty acid profiles
among Inuit adults of Nunavik: status and temporal
changes – The Qanuippitaa? Health Study (to be
submitted)
Background: As with some aboriginal societies,
Nunavik Inuit are experiencing rapid and substantial
changes that affect their dietary and lifestyle habits.
Objective: To document Nunavik Inuit adults’ marine
food consumption and fatty acid (FA) profiles,
geographically and temporally, using omega-3 (n-3)
polyunsaturated (PUFA) and trans-fatty acids (TFAs)
as biomarkers of the nutrition transition. Methods:
Data of this population-based, representative crosssectional study were collected among 861 Inuit
adults aged 18-74 y (392 men and 469 women)
from the 14 communities of Nunavik. Country and
marine food intakes were estimated from a validated
food frequency questionnaire (FFQ) and FAs were
measured in red blood cells (RBCs). Analysis of
Covariance (ANCOVA) was used to compare RBC
FAs between groups (age, gender, region of residence)
and quintiles of marine foods consumption. Results:
Mean of marine foods consumption was = 84 g/d
ArcticNet Annual Research Compendium (2012-13)

Country Foods

(± SEM 3.9) and contributed for 48% to the total
country food intake, and was significantly higher
with increased age (P = 0.006). Almost all the
Nunavik Inuit adults consumed marine mammals
(97%) and fish (99%). Adjusted means of n-3 PUFAs
and eicosapentaenoic plus docosahexaenoic acids
(EPA+DHA) were higher with increasing quintiles
of marine foods consumption, while the n-6:n-3 ratio
decreased (P linear trend < 0.0001). RBC total n-3
PUFAs, (EPA+DHA) and n-3 docosapentaenoic acid
(DPA n-3) accounted for 9.43%, 6.95% and 2.14% of
total FAs, respectively, while TFA was 1.10%. RBC
n-3 PUFAs were inversely correlated with total n-6
PUFAs (r = –0.72, P < 0.001) and TFAs (r = –0.43, P <
0.001), and significantly increased with age whatever
the region of residence. Compared to 1992 survey
results, plasma n-3 PUFAs were 25% lower among
Nunavik Inuit adults in 2004, while n-6 PUFA was
9% higher. Conclusion: The present study showed that
Inuit of Nunavik still have high RBC n-3 PUFA levels
due to their marine diet, but also have reached an
advanced stage of the nutrition transition. Young adults
were the most affected by dietary transition, showing
higher RBC n-6:n-3 ratio and TFAs than the elders.
Beatrice Valera, PhD, published a manuscript entitled:
Influence of n-3 fatty acids on cardiac autonomic
activity among Nunavik Inuit adults (Northern
Quebec, Canada), which was published in the
International Journal of Circumpolar Health (Int J
Circumpolar Health. 2011 Feb; 70 (1): 6-18).
Key findings are: Heart rate variability (HRV)
represents the variations of the heart rate due to the
sympathetic and parasympathetic modulation of the
autonomic nervous system (ANS). Reduced HRV
indicates low adaptability to stressful situations and
may lead to fatal arrhythmias and sudden cardiac death
(25). In a study conducted among Inuit adults aged 40
years and over, we observed significant associations
between EPA, DHA and higher HRV. In contrast, both
fatty acids were associated with lower resting heart
rate only in women. These results suggest a beneficial
impact of n-3 PUFAs on resting HR and HRV in this
Arctic population.
7
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Country food health benefits (launched in
August 2012)
New biomarkers of Se analysis (Objective 1.1, 1.2,
1.3)
The analytical standards and methods for selenoprotein
and small compounds (selenoneine) are currently being
developed by Dr. Pierre Ayotte research team at INSPQ.
A new collaboration for selenoneine speciation analysis
in blood samples and country foods with the Laboratoire
de Chimie Analytique Bio-inorganique et Environnement
(LCABIE) / CNRS – Université de Pau (PA), France,
and Universidade de Campinas, Brazil, has recently
been developed. A grant proposal for student exchanges
and international collaborations has been submitted
to the Programme de développement de partenariats
stratégiques en matière d’enseignement et de recherche of
the Conseil franco-québécois de coopération universitaire
(CFQCU) affiliated to the Fond de Recherche Nature et
Technologies Québec (FQRNT) in November 2012 (PI :
Pierre Ayotte and Brice Bouyssières, 50K).
The analytical method is expected to be ready soon. The
new biomarkers of the Se analysis results for half of the
archived blood samples from the 2004 Inuit Health in
Transition Study (n=450) will be available by mid-April
2013 and the rest of the results (n=450) are expected in
December 2013.

Wild berries and seaweed health benefits
(Objective 1.4)
Dr. Lucas and Dr. Lemire are currently in charge of the
statistical analyses aiming to examine the associations
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between wild berries and seaweed consumption and
insulin resistance, obesity, diabetes and CVD risk
factors. More results are expected over the coming
months.

Collection of country food samples (Objective 2.1)
More than 150 food samples were collected by Dr.
Lemire in Inukjuak and Kangiqsualujjuaq in February
and March 2012. In June 2012, new collaborations with
communities of Ivujivik and Salluit were discussed.
Several archived samples of marine mammals, fish, land
animal and wildfowl species from Dr. Michael Kwan at
the Nunavik Research Center were also made available
for further analysis in this project. Another field trip
was realised in August 2012 (Dr. Lemire and Ashleigh
Downing) to revisit the communities to complete
the country food samples collection (wild berries,
seaweed and other plants). The field trip was planned in
collaboration with Dr. Harris and Dr. Alain Cuerrier of
the Institut de recherche en Biologie Végétale (IRBV),
Université de Montréal, a specialist in ecological
and botanical knowledge on wild plants in Nunavik
who joined the research team in July 2012. Ashleigh
Downing is an ethnobotanist specialised in northern
plants and Dr. Cuerrier’s former master student.
The sampling sites were selected according to
their geographic location and climatic conditions:
Kangiqsualujjuaq, Inukjuak and Ivujivik. The targeted
species are shown in Figure 1.
Specimens of targeted species were collected from
different sites in each village (> 3 sites), which were

Figure 1. Wild berry, seaweed and other spcies included in the study.
ArcticNet Annual Research Compendium (2012-13)
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selected according to Inuit recommendations (n = 50
in total). Since redberries (also known as mountain
cranberry or lingonberry in Scandinavian countries)
were not ripe in August, samples from Kuujjuaq were
sent to Quebec in October 2012. Wild berries were
collected for phytochemical analysis (≈ 1kg) and the
animal study (> 2-3 kg) (parallel research project),
while seaweed and plant samples were collected only
for phytochemical analysis (≈ 1kg). In all villages,
community members mentioned avoiding dump
or sewage areas for picking because of possible
environmental contamination, therefore no samples
were collected in these areas.

Country food analysis
Selenium total concentration and speciation, and age
determination (Objective 2.2 and 2.3)
Total Se concentrations analysis and age determination
(for animal samples only) were done by Dr. Kwan
at the Nunavik Research Center. Almost all samples
were analysed and results are shown in the Table 1
(results section). More results are expected for walrus
meat, Canada geese, ptarmigan, wildfowl eggs, other
seaweed and Arctic char, Atlantic salmon and brook
trout eggs over the coming months. Transformed
country foods (nikku, pitsik and igunak) will be also
addressed separately (sampling before and after) over
the coming months. Se speciation analysis (including
selenoneine) will also be done by Dr. Laurie Chan at
Ottawa University over the coming months.
Wild berries, seaweed and other plant analysis and
bioactivity (Objective 2.4 and 2.5)
Dr. Cory Harris is currently supervising the
measurements of the different micronutrient,
macronutrient and phytochemical concentrations in
wild berries, seaweed and herbs at McGill, Ottawa
University and the Institut des neutraceutiques et
aliments fonctionnels (INAF) at Université Laval. For
the bioactivity assessment, Dr. Harris will initially
employ chemical and immunochemical methods to
ArcticNet Annual Research Compendium (2012-13)
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assess the antioxidant (oxygen radical absorbance
capacity and DPPH radical scavenging assays) and
antiglycation (advanced glycation endproduct, AGE,
formation assays) potential of berry, seaweed and
herb extracts. Follow-up studies will evaluate cellular
antioxidant activity in terms of both radical scavenging
and impacts on endogenous antioxidant systems.
Effects on inflammation, specifically the release of
tumour necrosis factor-alpha from lipopolysaccharideand AGE- stimulated monocyte cell cultures, will
be determined using enzyme-linked immunosorbent
assays. Most of the results are expected for March
2013.
Another parallel study is also on-going to evaluate the
impact of wild berries on the development of insulin
resistance and obesity in mice. This experimental
study will be realised in February-March 2013 in the
laboratory of Dr. André Marette (INAF, ULaval). We
will investigate the effects of five different species
– the types most commonly consumed by the Inuit
of Nunavik. Phytochemical characterization of each
berry extract is now complete. As summarized in
Table 2 to 7 (results section), the berry extracts are
rich in numerous bioactive compounds (anthocyanins,
flavonols, proanthocyanins and phenolic acids) with
reported health benefits. The results in Tables 6 & 7
reflect the contents of the extracts used for animal
trials but not the raw foods.
Literature review on wild berries, seaweed and other
plants (Objective 2.6)
Ashleigh Downing will conduct the literature review
in February-March 2013. She will also be in charge
of preparing a knowledge sharing poster presenting
with our preliminary results of the studies for the
communities in collaboration with Dr. Cuerrier’s
current research projects.
Community based-intervention projects (Objective
2.7)
During the field trip in August, Dr. Lemire was also
in charge of exploring with different community
9
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stakeholders the ecological, health, cultural and socioeconomic aspects that could be of interest for a future
research/intervention project on berries, seaweed, other
country foods and their health benefits. This field trip
was prepared in collaboration with Dr. Harris and Dr.
Cuerrier.
In the communities, many persons mentioned that
the main factors reducing their consumption of plant
foods, particularly berries, are the space to store them
in the freezers, the time required for harvesting, and
the problem of “freezer burn” with long-term storage.
From this, we had the idea to invent/develop berry,
plant and seaweed derived products that do not need to
be frozen (dehydrated, etc.) and could be more easily
stored. Kitty Annanack, the mayor in Kangiqsualujjuaq
at that time, also mentioned that sharing berries instead
of buying is very important in the village. Relatedly,
in order to propose a healthy alternative to soft drinks,
we also forwarded the idea of developing beverages
flavoured with local berry syrups instead of added
sugar.
All those ideas must first be carefully developed with
local partners to engage community members of all
ages, and then piloted to determine feasibility and
potential impacts. Community-based initiatives will
initially target the design of country food recipes
incorporating local plants, the collection, processing,
storage and sharing of berries and seaweed, and
the creation of sustainable youth employment and
economic development.
Therefore, from the discussions emerged the following
objectives for a potential research/intervention project:
Based on the knowledge of country foods health
benefits from this project, contribute to develop
community-based intervention projects in Nunavik
villages to:
a. Improve wild berries, plants and seaweed consumption, distribution and availability throughout the year;
ArcticNet Annual Research Compendium (2012-13)
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b. Propose local healthy alternatives to soft drinks and
snacks to different groups in the villages (daycare
kitchens, school kitchens, adult school kitchen, family
house and other collective kitchens, for ranger expeditions or tourist expeditions);
c. Stimulate youth empowerment and create youth
employment.
Possible berries, plants or seaweed derived products:
• Wild berry jams, syrups and beverages (with
homemade carbonated water)
• Dried berries for oat meat, muffins or fruits/granola
bars
• Fruit leather
• Seaweed powder for soups, dried seaweed snacks or
sushi
• Sorbets or fruit popsicles
• Dried seaweed, spices and teas
The targeted groups in the communities where such new
products could be proposed are the daycare kitchens,
school kitchens, adult school Nunavimi Pigiursavik
residence kitchen in Inukjuak, family house in Inukjuak,
Puvirnituq and Umiujaq, Arctic Char distribution program
for pregnant women on the Hudson coast, and the food
packages for ranger expeditions. Another very interesting
option would be to develop and use such new local
products for tourist expeditions in Nunavik parks, a potent
motor for tourism and local economic development in
Nunavik.
The entire public health and nutrition team of the
Nunavik Regional Board of Health and Social Services
(NRBHSS) has now joined the research team (Serge
Dery, Elena Labranche, Marie-Josée Gauthier and Amélie
Bouchard). In November 2012, we organised a workshop
on dehydration methods together with Odile Dumais, a
specialist on dehydration and food expedition recipes.
Working together, we realised that dehydrating wild berries
will be much more complex than we initially thought and
that we will need other partners to develop such recipes.
10
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At the KRG meeting in Puvirnituq in December
2012 (descrined below), Helene Raymond, journalist
at Radio-Canada, presented us the berry products
developed by of Biopterre (www.biopterre.com), a
Centre collegial de transfert de technologie affiliated
to the Institut de Technologie Agricole in La Pocatière,
Quebec. Biopterre has recognized expertise for the
development of bioproducts made from non-timber
forest products together with small enterprises and
Cree municipalities, and in knowledge transfer,
capacity building and implementation support to local
partners in order to promote economic diversity of
rural communities. Discussions are now on-going to
develop a collaboration with Biopterre, the NRBHSS
and KRG.

Country Foods

Table 1 - Total Se results for 291 country foods collected in
Nunavik between 2008 and 2012 w.w. = wet weight)

Communications
Preliminary study results were presented at the
ArcticNet conference in December 2012 (listed in
the publications section). Dr. Lemire was also invited
to present the study at the Nunavik Food Production
Conference in Puvirnituq last December organised by
Adel Yassa of the economical and local development
sector of Kativik Regional Government (KRG). Many
different local and governmental stakeholders were
present and KRG showed a great interest to be directly
Table 2 - Total phenolic content (TPC) in wild berries at INAF

involved as partners in the intervention project (see
letter of support below) and to eventually provide
financial support to develop the activities. More details
are expected in the coming weeks.
ArcticNet Annual Research Compendium (2012-13)
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Results
Table 1 results still need to be age-adjusted. Globally
they show that:
• Seal liver, beluga mattaaq and nikku and sculpin
eggs are exceptionally high in total Se (> 1 µg/g);
• Beluga and seal meat, blue mussels and marine
fish species are also good dietary sources of Se (>
0.2 µg/g);
Table 2 preliminary analyses show that:

Country Foods

• Mountain cranberry, alpine bearberry and
blackberries present the highest total phenolic
content;
• All the berries in this study present a higher
concentration than lowbush blueberry extract
(12.4 mg/g), which grows all over southern
Quebec and has demonstrated significant antidiabetic activities (26);
• In a parallel study (26), blackberry and alpine
bearberry were found to have the strongest
antioxidant and antiglycation of 12 species of
edible berries found in Quebec;
• Preliminary contaminant analyses show that

Table 3 - Characterization of anthocyanin content in five berry extracts
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metal concentrations are very low in berry
samples (M. Kwan, personal communication).
Table 3 analyses indicate that:
• Relative to other fruits, including other berries,
all species except cloudberry offer rich sources of
anthocyanins.
• Anthocyanin content in blackberry (crowberry,
Empetrum nigrum) is exceptionally high, more
than any fruit listed in the USDA Database for the
Flavonoid Content of Selected Food. Our values
were also comparable to (or higher than) reported
levels in European bilberry, black raspberries,
chokeberries and elderberries - some of the most
anthocyanin-rich fruits in available in North
America.
• Mountain cranberry is richer (in quantity not
diversity) than most fruits, including blueberry,
cranberries and Saskatoon berries, which contain
levels closer to alpine bearberry and alpine
bilberry. Cloudberry results were to comparable
to other reports on this species.
Table 4 analyses indicate that:

Country Foods

• Compared to the USDA Database for the
Proanthocyanidin Content of Selected Foods,
mountain cranberry is a relatively rich source of
proanthocyanidins, comparable to plums and wild
blueberries.
• Relative to other fruits, blackberry and
alpine bearberry contain moderate amounts
of proanthocyanidins, in the same range as
strawberries, apples and peaches
• Although alpine bilberry is closely related to
southern blueberry species, it appears to contain
far fewer proanthocyanidins, particularly in terms
of polymers.
Table 5 analyses indicate that:
• All berries except mountain cranberries
are very good sources of flavonols. Alpine
bilberry contains more quercetin and myricitin
(by weight) than most fruits and vegetables.
Blackberry, alpine bearberry and cloudberry
contain more flavonols than most market berries
and similar levels as goji and elderberries, where
are commonly consumed as popular natural
health products.
• None of the berry species contained exceptionally

Table 4 - Characterization of proanthocyanins content in five berry extracts
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Table 5 – Characterization of selected flavonoids and phenolic acids in five berry extracts
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Table 6 – Characterization of simple sugar content in five berry extracts

Table 7 – Characterization of free fatty acid content in five berry extracts
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high levels of flavn-3-ols (catechin and
epicatechin) but levels in cloudberry, blackberry
and alpine bearberry were higher than many
popular berries, including strawberries,
raspberries, cranberries and highbush blueberry.
• Although stilbenes have been reported in some
berry species, none were detected using the
applied extraction and analytical techniques.
Table 6 results suggest that:
• With less than 8g / 100g fresh fruit, none of the
berry species appear to present much risk in terms
of glycaemic load. Whereas four of the species
contained glucose and fructose in roughly 1:1
ratios, alpine bilberry had twice the amount of
glucose.
• The extraction protocol was not optimized for
sugar content so may underestimate the content
in fresh fruits. Because the extracts will be fed to
diabetic mice, the data are nonetheless valuable
for interpreting animal responses to berry
treatment.
Some wild green vegetables, such as purslane, are
good sources of alpha-linolenic acid (ALA), an
essential n-3 fatty acid (27) (Table 7). However, good
sources of ALA from fruits are very rare. Results based
on berry extracts indicated that three berries have a
high content of ALA n-3. The proportion of ALA was
established at 31.1% Cloudberry, 30.4% for Alpine
billberry, and 28.9% for Alpine bearberry. However,
the real fatty acid contributions of fresh fruits to the
diet depend on their fat and water content, and the
proportion of fat that comes from the seeds. Fatty
acids from seeds may not be assimilated by humans
if there are not completely crushed. Consequently,
determination of fatty acid content of fresh fruits is
an important step to determine if Nunavik berries are
good sources of n-3 ALA (coming soon). According
to the Norwegian food composition table, wild Nordic
berries (blueberry (Vaccinium myrtillus), cloudberry
(Rubus chamaemorus) and cowberry (Vaccinium vitisidaea)) contain significant amounts of fat and are good
sources of the n-3 ALA (28). In the Canadian Nutrient
ArcticNet Annual Research Compendium (2012-13)
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File, wild blueberry and blacberry from southern
region did not contain n-3 ALA (29).

Discussion
All these results are preliminary and only for berry
extracts that will be used for the animal study to be
conducted by Dr. Marette at INAF (complementary
project). More results are expected soon for the wild
berries, seaweed and other plant samples that were
collected in the different villages and this will help us
develop a global understanding of the overall benefits
of country foods in Nunavik.

Conclusion
Better understanding of the overall benefits of
country foods consumed in Nunavik will support
and orient community-based projects and public
policies aiming to improve food security, promote
Inuit culture and youth empowerment, minimize the
risks from environmental contaminant exposure, and
the emergence of obesity, diabetes and cardiovascular
diseases in this population and across the Arctic.
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