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ABSTRACT
Wild game consumption has been associated with health benefits but the acute influence on 
human protein metabolism remains unknown. We compared feeding-induced responses of 
equivalent amounts of free-range reindeer (FR) and commercial beef (CB) on protein kinetics 
using stable isotope methodology. Seven participants (age: 40 ± 14 years; body mass index: 
24 ± 3 kg/m2) completed two randomised studies, ingesting 2 oz of FR or CB. L-[ring 2H5] 
phenylalanine & L-[ring 2H2]tyrosine were delivered via primed, continuous intravenous infusion. 
Blood samples were collected during the basal period and following consumption of FR or CB. 
Feeding-induced changes in whole-body protein synthesis (PS), protein breakdown (PB), and net 
protein balance (NB) were determined via plasma sample isotope enrichment analysis by gas 
chromatography-mass spectrometry; plasma essential amino acid (EAA) concentrations were 
determined by liquid chromatography-electrospray ionisation-mass spectrometry. Plasma post- 
prandial EAA concentrations were higher with FR compared to CB (P < 0.05). The acute feeding- 
induced PS response was not different, but PB was reduced and contributed to a superior level of 
NB (P < 0.00001) in FR compared to CB. Our results demonstrate that FR may influence more 
favourable protein metabolism than CB. These data support potential health benefits of wild 
game onf whole-body protein.
Abbreviations: BMI: body mass index; DIAAS: digestible indispensable amino acid score; CB: 
commercial beef; EAA: essential amino acids; FR: free-range reindeer; Ra: rate of appearance; 
UAF: University of Alaska Fairbanks; USDA: USA Department of Agriculture
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Introduction

The practical health benefits of wild, free-range red 
meats are particularly relevant to Alaska Native and 
Indigenous peoples whose ageing populations are 
increasing and challenged by the high risk of disability 
[1–3]. Many of these disabilities are often associated with 
the initial loss of muscle that may occur in some indivi
duals after age 30. Severe muscle loss (sarcopenia) is 
a progressive, insidious, and multifactorial disease that 
presents with decreased functional performance, age- 
related bone loss, increased falls and fractures, obesity, 
type II diabetes mellitus, depression, hospitalisation, and 
even mortality [4]. Prevention of sarcopenia is particularly 
important in Alaska and other rural/remote areas. The 
interaction between healthcare delivery and disability is 
especially complex due to limited economic 

competition, higher profit margins, expensive medical 
infrastructure, and unique environmental and socio- 
demographic elements [5]. Inadequate nutrition is 
often associated with sarcopenia [6] and as ageing pro
gresses, a protein shortfall occurs (loss of appetite, inade
quate protein utilisation, anabolic resistance, and chronic 
diseases). This inadequacy can be deterred by consuming 
high-quality proteins which can stimulate protein synth
esis and counteract muscle breakdown to create an over
all positive net protein balance throughout the ageing 
process [7]. Protein intake consisting of wild, free-range 
red meats with high-quality proteins and fats and high 
amounts of essential amino acids can reverse protein 
breakdown and improve muscle maintenance during age
ing. Therefore, consumption of wild, free-range red 
meat may play an important role in supporting 
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adequate net protein balance necessary for healthy and 
independent ageing [8], especially in Alaska Native 
peoples.

The amino acid profile of wild, free-range red meat is an 
important contributor to its overall quality. Twenty total 
amino acids compose muscle protein, and nine of those 
are essential amino acids (EAA’s) [9]. For positive net protein 
balance to occur, EAA’s must be provided through dietary 
intake and available in sufficient amounts [10]. Free-range 
wild game is naturally high in EAA’s [11]. The digestible 
indispensable amino acid score (DIAAS) is used to assess 
protein quality and monitor protein adequacy of foods sold 
to consumers [12]. As a function of the amount and profile 
of EAAs per gram of meat and the true ileal digestibility [13], 
the DIAAS may also be higher in wild, free-range red meats 
[14]. While the influence of protein quality and quantity on 
muscle health has received global attention [15], questions 
remain with regard to wild, free-range red meat and its 
effect on muscle preservation, an elusive goal for many 
older adults combatting sarcopenia [16].

Consumers choose to prepare their meat protein 
choices based on portion sizes or by weight rather 
than nutritional composition or EAAs/serving. For this 
reason, the USA Department of Agriculture (USDA) 
recommends food servings by ounce-equivalents [17]. 
To our knowledge, the acute ingestion of USDA- 
established equivalent servings of wild, free-range red 
meat and commercial red meat on protein kinetics in 
humans has not been evaluated. According to origins 
inferred from mitochondrial DNA sequences, reindeer 
and caribou represent a species of deer that vary in size 
and distribution throughout northern Europe, Siberia, 
and North America [18]. While precise descriptions of 
nutrient composition data on free-range reindeer are 
scarce to non-existent, forage composition in free-range 
reindeer and caribou in Alaska are very similar; posi
tively influencing the total amount of essential amino 
acids/total weight [11,19]. Therefore, we used the 
Nutritiondata.self.com [20] database to access data on 
the nutritional composition of wild caribou as 
a theoretical equivalent to free-range reindeer (Table 
1). If wild and/or free-range red meat/total weight pro
vides a greater benefit in maintaining whole body net 
protein balance, well-informed decisions can be more 
clearly made by consumers or hunters as they evaluate 
their options for meat consumption.

We compared the acute dietary influence of two 
ounces of free-range reindeer (FR) and commercial 
beef (CB) on protein metabolism via stable isotope 
methodology using a randomised, double blind, paral
lel study design in humans. As previously mentioned, 
FR is similar to wild caribou [18], but can be processed 

and sold as a USDA-certified meat source for human 
consumption [21]. We chose 70% lean/30% fat CB for 
comparison, as it represents the largest percentage of 
ground beef types sold in the USA each year by almost 
three-fold [22]. These selections allowed practical com
parisons between equal serving sizes of FR which might 
be analogous to caribou be consumed by a hunter to 
the CB that is preferentially purchased by the majority 

Table 1. Nutritional composition.

Free-Range 
Reindeer*

Commercial 
Beef

Difference 
(Reindeer – 

Beef)

Essential Amino Acids 
(mg)

Leucine 1376 998 +378
Isoleucine 754 576 +178
Valine 784 632 +152
Threonine 712 476 +236
Methionine 372 314 +58
Phenylalanine 742 514 +228
Histidine 660 394 +266
Tryptophan 256 44 +212
Lysine 1510 1048 +462
Sub Total 7166 4996 +2170
Non-Essential Amino 

Acids (mg)
Cysteine 120 124 −4
Tyrosine 546 376 +170
Arginine 992 880 +112
Alanine 892 394 +498
Aspartic Acid 1474 856 +618
Glutamic Acid 2616 1148 +1468
Glycine 700 1882 −1182
Proline 518 1058 −540
Serine 586 766 −180
Sub Total 7858 6718 +1140
Polyunsaturated Fatty 

Acids (mg)
Linoleic Acid 174 110 +64
Arachidonic Acid 101 22 +79
Gamma Linoleic Acid 0 6 −6
Docosahexaenoic Acid 34 0 +34
Eicosapentaenoic Acid 17 0 +17
Sub Total 325 138 +187
Monounsaturated Fatty 

Acids (mg)
Gadoleic Acid 0 35 −35
Oleic Acid 684 3866 −2882
Myristoleic Acid 0 78 −78
Palmito-oleic Acid 62 342 −280
Sub Total 746 4021 −3275
Saturated Fat
Arachidic Acid 0 6 −6
Myristic Acid 67 274 −207
Palmitic Acid 498 1984 −1486
Stearic Acid 330 568 −238
Margaric Acid 0 104 −104
Pentadecanoic Acid 0 43 −43
Lauric Acid 0 7 −7
Subtotal 895 2987 −2092
Percent PUFA/Total Fat 10.7 1.2 +9.5
Percent MONO/Total Fat 24.6 36.1 −11.5
Percent SAT/Total Fat 29.5 26.8 +2.7
Total Fat 3036 11,150 −8114

*Derived from data on wild caribou from the Nutrition.self.com. Wild 
caribou have a common genetic origin and consume similar forage as 
free-range reindeer. 
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of the USA population. While the total amount of pro
tein ingested is 30% higher with FR than CB, the total 
amount of calories is 40% less. Therefore, consumption 
of FR may enhance optimal net protein balance but 
reduce consumption of calories found in CB of an 
equivalent weight or serving size.

We hypothesised that FR would promote a higher 
whole body net protein balance compared to CB due to 
the greater amount of essential amino acids in FR. If our 
data support the superior efficacy of FR consumption 
per ounce on whole body net protein balance, we 
assert that wild, free-range red meats may augment 
the retention of whole-body protein to a greater extent 
than CB.

Materials and methods

Eight male and female participants of varying ages and 
ethnicities were recruited from the Fairbanks, Alaska 
area through a combination of local newspaper adver
tisements and flyers. All testing occurred at the Clinical 
Research and Imaging Facility on the University of 
Alaska Fairbanks (UAF) campus except baseline blood 
sampling for medical screening performed at LabCorp, 
Inc (1626 30th Ave, Fairbanks, AK 99701). All partici
pants were consented prior to enrolment and copies 
of the consent forms were provided. All aspects of the 
study were reviewed and approved by the UAF 
Institutional Review Board.

The existence of metabolic disease can complicate feed
ing-induced changes in protein kinetics [23]. Therefore, our 
strategy was directed towards the influence of FR and CM 
on protein kinetics in healthy adults and how potential 
differences might be relevant over the lifespan. We utilised 
the expertise of one study physician, licenced by the Alaska 
State Medical Board, who appraised all health data points to 
determine the eligibility of the participants. General health 
was evaluated through careful consideration of answers to 
a health questionnaire, bloodwork results, and body compo
sition values. Inclusion criteria incorporated participants 
between the ages of 20 and 70 years of age with a Body 
Mass Index (BMI) of 20–38 kg/m2 and deemed as generally 
healthy by the study physician. Exclusion criteria included 
any individuals with a pacemaker, previously diagnosed dia
betes, or chronic inflammatory condition, taking any type of 
medication or supplement that could have affected glucose 
metabolism, active cancers or malignancies, or taking corti
costeroids by mouth, injection, or trans-dermally. Exclusion 
criteria also included females of childbearing ages who tested 
positively for pregnancy. Finally, any individual with any 
other disease that would have placed them at increased 

risk of harm if they were to participate would have been 
excluded at the discretion of the study physician.

To be considered for eligibility, participants completed 
a health questionnaire during the initial consent and 
screening visit. All medications and vitamins were listed, 
and participants were asked whether they had been 
diagnosed with diabetes or high blood pressure, 
experienced a heart attack, arrhythmia, heart valve 
disease, stents, pacemakers, defibrillators, chest pains, 
shortness of breath, or heart failure. Also included were 
questions concerning dizziness or numbness of limbs, 
difficulty walking, cramping, or joint or muscle pro
blems. Participants revealed any benign or malignant 
cancers, thyroid/pituitary disease, and/or intestinal 
problems, and described alcohol and tobacco use. 
Body mass index was determined using height and 
weight. Blood sampling and analysis were completed 
by LabCorp provided lipid and metabolic values for 
screening purposes. Females of childbearing age were 
provided pregnancy tests to ensure eligibility for inclu
sion. Answers to the health questionnaire and values for 
body composition and bloodwork were evaluated by 
researchers and the study physician and any values 
that met the exclusion criteria would have confirmed 
ineligibility for the study. All volunteers that expressed 
interest in the study were eligible for participation by 
meeting all the inclusion criteria and none of the exclu
sion criteria.

Participant confidentiality was ensured for all partici
pants. Protected records were kept in a locked file 
cabinet behind a locked door in a facility with 
restricted, swipe-card access. Blood samples collected 
by the study nurse were stored in a locked freezer of 
a swipe-card, access-restricted facility until analysis of 
isotopic enrichments, and then immediately destroyed. 
All blood samples collected by LabCorp were immedi
ately destroyed following analysis.

Our study was completed in the Clinical Research 
and Imaging Facility in Room 015 of the Murie 
Building at UAF. There is a basement entry to the facil
ity, providing privacy for all participants in the study. 
The facility is accessed by a swipe-card-only entry, and 
only those researchers that were part of this study 
could enter. The participants, while sitting for the iso
tope infusion procedures for 7 hours on two occasions, 
had access to medical-grade recliners specifically 
designed for long-term use. Participants were given 
iPads for watching movies, though some chose to use 
their computers. Several worked remotely while the 
isotope infusion/blood sampling was in progress. 
Participants were fasted upon arrival but could drink 
water throughout the day. The isotope infusate was 
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placed on a mobile intravenous pole stand that could 
be rolled to the restroom at the request of the 
participants.

Eligible participants visited the Clinical Research and 
Imaging Facility at UAF on three separate occasions: a) 
consent and determination of eligibility status, b) 
feeding/tracer study #1, and c) feeding/tracer study 
#2. The feeding/tracer studies were performed using 
a randomised, c, parallel study design. In doing so, the 
response to the ingestion of 2-ounce pre-cooked ser
vings of randomly assigned 95% lean/5% fat FR or 70% 
lean/30% fat CB was evaluated. These servings are con
sistent with the portion sizes listed in the Dietary 
Guidelines 2015–2020 [24]. The nutritional profiles for 
FR and CB are listed in Table 1 as derived from the 
Nutritiondata.self.com database.

The isotope infusion/feeding studies were com
pleted on two occasions at least three days apart 
and after an overnight fast beginning at 2200 hours 
[10]. To achieve simultaneous infusion/sampling, 
intravenous catheters were placed into each fore
arm; one for the infusion of stable isotope tracers 
and the other for the collection of arterialised blood 
sampling via the heated hand technique [25]. 
A baseline blood sample was collected to determine 
background isotopic enrichments. Primed continu
ous infusions of l-[ring-2H5]phenylalanine (prime, 
5.04 μmol/kg body weight; rate, 5.04 μmol·kg−1·h−1) 
and l-[ring-2H2]tyrosine (prime, 2.16 μmol/kg; rate, 
1.995 μmol·kg−1·h−1) were performed to determine 
rates of protein synthesis, protein breakdown, and 
net protein balance at the whole body level [10] 
(Figure 1). All isotope tracers were purchased from 
Cambridge Isotope Laboratories (Andover, MA) and 
compounded by a licenced pharmacist. Tracer 
enrichment and plasma responses of amino acids 
were determined from blood samples collected at 
0, 60, and 180 min to provide the fasted blood 

samples. Consumption of FR and CB occurred at 
180 minutes, and additional blood samples followed 
at t = 210, 240, 300, 330, 360, and 420 min. A total 
of 12 blood samples were drawn during the study 
(Figure 1).

Analytical methods

Plasma samples were deproteinized using dry sulfosa
licylic acid, and frozen at −80°C until analysis. 
Enrichment analysis was performed by gas chromato
graphy-mass spectrometry (Agilent 5975; Santa Clara, 
CA) [26]. Ions of mass to charge ratios of 234, 235, and 
239 for phenylalanine and 466, 467, 468, and 470 for 
tyrosine were utilised. Plasma amino acid analysis was 
performed by liquid chromatography-electrospray ioni
sation-mass spectrometry (QTrap 5500 MS; AB Sciex) 
with Express HT Ultra LC (Eksigent Div.; AB Sciex) after 
derivatisation with 9-fluoren-9-methoxycarbonyl, and 
concentrations were measured using the internal stan
dard method [27].

The rate of appearance (Ra) of phenylalanine and 
tyrosine into the plasma and the rate of phenylala
nine hydroxylation to tyrosine was determined from 
the tracer enrichments in plasma. These parameters 
allowed calculation of protein synthesis, protein 
breakdown, and net protein balance using the bioa
vailability approach as previously validated and 
described [10,28,29]. Located inside the Clinical 
Research and Imaging Facility at UAF, we utilised 
a dual-energy X-ray absorptiometry (GE iDXA; 
Chicago, IL) scanner for the measurement of body 
composition, which provided values for fat mass and 
fat free mass. More specific than BMI, these scans 
provided similar ratios of fat free mass/total mass 
from our participants and allowed us to express 
our data relative to total body mass [29].

Figure 1. Meat ingestion and tracer infusion protocol.
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Statistical methods

A one-way analysis of variance with repeated measures 
was used to examine overall differences in plasma 
essential amino acid concentrations between FR and 
CB; a Bonferroni post-test was used to detect potential 
differences in the plasma concentrations of essential 
amino acids at individual time points. A two-way ana
lysis of variance was utilised to evaluate differences in 
protein synthesis, protein breakdown, and net protein 
balance in response to the ingestion of FR or CB. All 
data were analysed using the GraphPad Prism 6 for Mac 
(GraphPad Software, Inc. La Jolla CA), and presented as 
mean ± SD.

Results

Eight participants (40.4 ± 14.0 years of age) with a BMI 
of 24.0 ± 2.9 kg/m2 were recruited and enrolled in the 
study (Table 2). The participants included two males 
and five females. Seven participants were Caucasian, 
and one participant was Alaska Native. One participant 
dropped out due to a personal matter unrelated to the 
study. Therefore, the study resulted in seven partici
pants completing all aspects of the study.

Plasma concentrations of EAAs and leucine were 
higher with FR compared to CB at t = 240 and 
270 min (P= 0.01) (Figure 2(a,b), respectively).

Basal post-absorptive rates of protein synthesis, pro
tein breakdown, and net protein balance were not 
different in response to equivalents amounts of FR 
and CB. As previously described in feeding studies 
using identical stable isotope methodologies [10,26], 
we have calculated protein synthesis, protein break
down, and net protein balance relative to their changes 
from the fasted to the fed state. While there was 
a similar increase in protein synthesis after FR and CB 
ingestion, the greater suppression of protein break
down following FR consumption (P< 0.0001) contribu
ted to a substantially greater enhancement of net 
protein balance (Figure 3). We also calculated the 
rates of protein kinetics relative to the ingested 
amounts of EAAs and total amino acids. There was 
a greater reduction in protein breakdown/EAAs 
ingested in FR compared to CB (P < 0.01), while there 

were no significant differences between protein synth
esis/EAA ingested and net protein balance/EAA 
ingested (Figure 3). The suppression in protein break
down/total amino acids was significantly greater in FR 
than CB (P< 0.001), contributing to higher net protein 
balance/amino acids (P< 0.0001) (Figure 3).

Discussion

The most important observation of this study is that FR 
resulted in a greater anabolic response, reflected by 
higher net protein balance, than an equal serving of 
CB. To our knowledge, this is the first report demon
strating the benefits of free-range red meat analogous 
to caribou consumed in the traditional, Alaska Native 
diet, on immediate changes in protein metabolism. 
Greater net protein balance was linked to higher 
plasma EAA concentrations stemming from the greater 
EAA content per ounce-equivalent serving of FR com
pared to CB. Higher plasma EAA concentrations follow
ing ingestion of FR likely contributed to the suppression 
of protein breakdown. In another recent study, suppres
sion of protein breakdown was even greater in 
response to consumption of 4 and 11 ounces of red 
meat [30]. Thus, there appears to be a dose response 
effect between increases in plasma EAAs and beneficial 
alterations in protein breakdown and net protein 
balance.

It is well accepted that EAAs provoke the stimula
tion of protein synthesis [31], while non-essential 
amino acids are not primary factors [32]. Leucine is 
an essential amino acid that operates as 
a transcriptional programmer or a switch, manipulat
ing signalling pathways that set the stage for protein 
anabolism [33]. Plasma EAAs and leucine were signifi
cantly higher in FR compared to CB shortly after meat 
ingestion. Taken together, this suggests a more per
missive molecular environment in conjunction with 
greater availability of EAAs needed for optimal feed
ing-induced increments in net protein balance. 
Significant correlations have been reported between 
overall dietary protein and net protein balance 
(R2 = 0.765; P< 0.0001) [34]. This correlation suggests 
that non-essential amino acids and overall amino acid 
intake may play a role in the suppression of protein 
breakdown. Our assertion is further supported by the 
consensus that the delivery of 0.24 g of amino acids/ 
kg/meal in 2 oz of FR equates to the maximal response 
of protein synthesis relative to the overall influence on 
net protein balance [35]. While isolating the individual 
contributions of each non-essential amino acid is 
beyond the scope of the current investigation, the 

Table 2. Clinical characteristics.
M/F 2/5

Age (years) 40.4 ± 14.0
Weight (kg) 67.5 ± 15.8
Height (m) 1.7 ± 0.1
BMI (kg/m2) 24.0 ± 2.9
Fat Mass (kg) 19.0 ± 4.4
Fat Free Mass (kg) 47.5 ± 11.2
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ingestion of arginine, glutamine, glutamate, proline, 
and glycine have all been implicated in the preserva
tion of lean tissue [9]. Recommendations for amino 
acid take (essential and non-essential) should also con
sider variations in growth rates, reproductive status, 

and ageing [36], and that the “indispensable” charac
terisation of non-essential amino acids may represent 
an oversimplification [37].

In addition to the importance of amino acids in the 
modulation of protein kinetics, the concentration of 

Figure 2. Plasma concentrations of essential amino acide during the fasted (t = 1–180 min) and Fed state (t = 210–420 min). 
*Denotes significant difference between FR and CB (P = 0.01). (b) Plasma concentrations of essential leucine during the fasted 
(t = 1–180 min) and Fed state (t = 210–420 min). *Denotes significant difference between FR and CB (P = 0.01).
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omega-3 fatty acids is higher in wild, free-range red 
meat than in CB. While the beneficial influence of 
omega-3 fatty acids on protein metabolism has gained 
some attention [38], small increments in the acute 
ingestion of omega-3 fatty acids would not be likely 
to influence protein metabolism [39], Nonetheless, con
sistent consumption of FR or another wild, free-range 
red meats may offer even greater benefits with regard 
to lean tissue preservation. Many of the advantages of 
omega-3 fatty acids are derived from potential 
improvements in the sensitivity of mammalian target 
of rapamycin (mTOR) and downstream signalling tar
gets that positively affect protein synthesis and 

therefore muscle preservation over time [40]. 
Substantial evidence suggests that omega-3 fatty 
acids may also mitigate protein breakdown [39], but 
longitudinal supplementation is necessary for anabolic 
benefits [38], supporting the beneficial impact of con
sumption of wild, free-range red meat over the course 
of a lifetime.

The more anabolic profiles of EAAs and omega-3 
fatty acids in FR were accompanied by lower calories 
compared to CB of an equivalent serving size. The onset 
of muscle atrophy during ageing is typically accompa
nied by increased deposition of adipose tissue, creating 
a condition referred to as sarcopenic obesity [41]. This 
decrease in muscle mass combined with an increase in 
fat compounds the detrimental effects of sarcopenic- 
related issues such as diabetes, heart disease, decreases 
in mobility and independence, and increases in depres
sion [42]. Even with 40% fewer calories in an equivalent 
serving of CB, FR promoted a ~ 50% greater feeding- 
induced increment in whole body net protein balance. 
Therefore, consumption of wild, free-range game may 
improve whole body net protein balance to counteract 
sarcopenia while reducing the obligatory calories that 
would otherwise increase the risk of obesity.

Consumption of wild, free-range game may be 
a foreign concept to the general population, but for 
many Indigenous communities, it represents 
a generational nutritional history, as well as cultural 
and spiritual ancestry [43]. However, in recent years, 
there has been a transition from traditional foods such 
as wild, free-range red meat to more processed and 
commercial meats [44,45]. Combined with historic and 
contemporary social determinates in many Indigenous 
populations, which are linked to health disparities, this 
food migration has increased the risk of chronic disease 
in Alaska Native peoples [46,47]. Immediate health ben
efits of wild, free-range red meats can influence the 
continuation of and/or return to traditional food path
ways, which also provides the healthy benefit of 
increased physical activity [48].

Positive health benefits of wild, free-range red meat 
may also have a positive influence on the public per
ception of the hunter/gatherer lifestyle [49], and create 
niche markets for wild, free-range game [50] for those 
individuals who appreciate the value of the resource 
but lack adequate access. That being said, higher 
amounts of EAAs/total weight in FR or higher protein 
quality were largely influenced by the consumption of 
wild forage which has also been demonstrated in grass- 
fed or organic cattle [19]. Unfortunately, access to 
“grass-fed” beef and other sources of high-quality pro
teins my be cost-prohibitive or impossible to access for 

Figure 3. Whole-body protein kinetics: A) changes in rates of 
whole-body protein synthesis (PS), breakdown (PB), and net 
balance (NB) from the fasted state; B) changes in rates of PS, 
breakdown PB, and NB/EAA from the fasted state; and C) 
changes in rates of PS, PB, and NB/Total Amino Acids from 
the fasted state. *Denotes significant difference between FR 
and CB (P < 0.05).
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many individuals [51]. A better understanding of how 
wild, free-range red meats affect muscle maintenance 
will inform consumer choices related to either hunting 
wild game or purchasing CB.

Additionally, our data could positively leverage the 
health and monetary values of wild, free-range red 
meats and the rights of individuals who hunt by choice 
or necessity. Environmental efforts to protect the land 
and game resource may also use this information to 
increase support for conservation. The value proposi
tion provided by FR may now better inform govern
mental, public, and healthcare policies specific to those 
who choose to provide a superior, wild and free-range 
meat protein source to their families.

Lifestyle interventions are often used as a preventative 
strategy against the development of sarcopenia, related 
chronic conditions, and costs of care. However, the World 
Health Organization 3maintains that adherence to such 
structured interventions is especially difficult for elderly 
people [52]. This is particularly true for those who may 
already be experiencing declines in health or living in 
deprived and/or secluded areas such as remote areas of 
Alaska [53,54]. As part of a more comprehensive perspec
tive, preventative nutritional approaches at younger ages 
have been implemented to combat disability and optimise 
health throughout a lifetime in countries such as Japan, 
known for exceptional health and longevity [55,56]. 
Similarly, in epidemiological studies of Arctic Indigenous 
populations, nutritional consumption of traditional, wild 
game/fish have demonstrated a positive association with 
improved health [57]

Comparisons among individuals with various stages 
of metabolic abnormalities were beyond the scope of 
our study and prevent us from comparing individuals 
based on body weight, ethnicity, and sex. Nevertheless, 
wild, free-range game, with a direct benefit to muscle 
preservation, provides a value proposition that could 
potentially influence laws and regulations surrounding 
the protection of the environment, as well as human 
rights to obtain that source of nutritional sustenance. It 
is our intention to utilise the results of this investigation 
as a platform upon which we will base future grants for 
research focused on the health benefits of other tradi
tional sources of foods for Indigenous populations, par
ticularly Alaska Native peoples.

Conclusion

We have demonstrated that the acute beneficial influ
ence of FR on net protein balance exceeds that of CB. 
Our study results support the rationale that wild, free- 
range red meats may offer a greater nutritional value by 
weight, given the administration of equivalent portion 

sizes most often used by consumers [58]. These results 
have valuable implications for societies that rely heavily 
on wild, free-range red meats for nutritive value, sub
sistence, and health of heritage.
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