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ABSTRACT

From a nutritional perspective, the viscera of animals are typically richer in iron compared to their
muscles, and red meats generally contain more iron than white meats. However, the evidence character-
izing iron levels in wild animals is limited. This study aimed to systematically review the iron content
in the muscles and viscera of wild mammals and birds. Using PRISMA standards and databases such
as Web of Science, Medline/PubMed, and Scopus, we analyzed data from eight pertinent studies. Our
findings indicate a disparity in iron content between the viscera and muscles of mammals, with the
former exhibiting almost six times the iron content (mean of 15.22 mg per 100g, Pooled Standard Devi-
ation (PSD): 2.07) compared to the latter (mean of 2.56 mg, PSD: 0.28). Additionally, the iron content
in the muscles of birds (mean of 3.62 mg, PSD: 4.95) is nearly 40% higher than that in mammalian
muscles. This result may be attributed to factors such as slaughter methods, which prevent external
bleeding, or the migratory habits of birds, leading to more developed wing muscles with higher iron
content. Our study challenges the established notion that red meats have higher iron levels than white
meats, suggesting that this rationale may not hold true in the context of wild meats. Future research is
needed to further explore and validate these preliminary findings, enhancing our understanding of the

nutritional value of wild meats.
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SIGNIFICANCE STATEMENT

This study offers novel insights into the iron content of wild animal meats, revealing that bird muscles may
contain more iron than those of mammals, challenging established knowledge in nutrition. Our systematic
review provides a comprehensive analysis of the iron content in the muscles and viscera of wild mammals and
birds, addressing crucial data gaps in nutritional science. These findings are particularly significant for Indige-
nous Peoples and Local Communities (IPLC) who rely on wild meat as a relevant food source. This research
bridges gaps between ethnobiological and nutritional knowledge, informing future studies and supporting the
development of conservation policies and dietary practices within traditional food systems.

INTRODUCTION

Wild animal meat, or wildmeat, plays a crucial
role in food security for Indigenous Peoples and Local
Communities (IPLC) worldwide (Nielsen et al. 2018;
Khambalia et al. 2011). The term “wild meat” refers to
the meat of wild animals, especially non-aquatic ver-
tebrates (such as mammals, reptiles, and birds), taken
from their natural habitats for human consumption
(Nasi et al. 2008). Beyond sustenance, wild meat con-
sumption is intrinsically linked to cultural heritage and
serves as an adaptive strategy in contexts of social vul-
nerability (Ingram 2020). However, our understanding
of its nutritional composition, particularly micronutri-
ent content, remains limited (Jacob et al. 2020; 2023).

From a nutritional perspective, animal viscera typ-
ically contain higher iron levels compared to muscles,
and red meats generally have more iron than white
meats (Lawrie 2005; Cardoso 2006; Zhuo et al. 2013).
This correlation is well-documented in domesticated
meats (Roca 2012). However, evidence characterizing
iron levels in wild animals is scarce. This knowledge
gap is significant, considering the potential impact of
wild meat consumption on health outcomes, particu-
larly in addressing iron deficiency anemia (IDA).

Iron deficiency anemia (IDA) is a type of anemia
that occurs when there is insufficient iron in the body,
with inadequate iron intake being one of its primary
causes (National Institute of Health 2023). It is esti-
mated that the global prevalence of IDA is 16.42%
among children under five years old (Geldfie et al.
2022). IDA poses a serious public health problem on
a global scale, particularly affecting young children
and pregnant women in developing countries (World
Health Organization 2017). However, this is not ex-
clusively a problem of developing countries. IPLC in
developed countries also suffer from high rates of IDA.
In Canada and Australia, for instance, indigenous pop-
ulations, particularly pregnant women and children,
show significantly higher prevalence of anemia com-
pared to non-indigenous populations (Khambalia et
al. 2011; Shafiee et al. 2022). Anemia can have a
profound negative impact on the social sphere. For
instance, its symptoms related to reduced human cog-
nitive performance can affect academic performance
and, consequently, a country’s economic development,

contributing to the perpetuation of poverty and a low
level of human capital (Li et al. 2018).

Studies conducted in various locations, such as
the Amazon and Madagascar, underscore the signif-
icance of wild meat consumption for child health and
its direct impact on hemoglobin levels. Research in
the Amazon region established a correlation between
wild meat consumption and children’s health, reveal-
ing that this practice is associated with an average
increase in hemoglobin concentration of 0.25 g/dL
among children in vulnerable rural areas (Torres et
al.  2022). Similarly, a study conducted in Mada-
gascar, which also explored the relationship between
hemoglobin levels and wild meat consumption, found
that families most dependent on this practice are also
the most economically disadvantaged. These families
exhibited a four-fold higher likelihood of developing
anemia following a loss of access to wildlife (Golden et
al. 2011).

As demonstrated, studies linking wild animal con-
sumption with IDA typically focus on the outcomes of
anemia rather than evaluating the nutritional compo-
sition of the meat itself. This highlights a significant
gap in the literature regarding the food composition of
wild resources and the need to understand its variation
within the framework of diverse cultures and peoples
(Jacob et al. 2021). Therefore, the goal of this study
is to characterize the iron content in the muscles and
viscera of wild mammals and birds. Given the ethical
and legal challenges in studying wild meat (Hayward
et al. 2019) and the scarcity of comprehensive nu-
tritional data, we conducted a systematic review of
existing literature to address this gap. Our research
aims to answer the question: What is the iron content
of wild mammal and bird meat?

MATERIAL AND METHODS

We conducted this review following the guidelines
established in the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) (Page
et al. 2021) (Additional File 1). The protocol for
this review did not require prior registration since the
research did not directly investigate any health out-
comes.
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Selection Criteria and Search

We selected articles based on the following eligibil-
ity criteria: (i) original articles published in any lan-
guage, with no date restrictions, and (ii) presenting
data on the iron composition of meat from wild ani-
mals consumed by human populations. Among these
studies, we excluded those that (i) analyzed secondary
data and (ii) did not detail the methodology of food
composition analysis.

During June 2022, we conducted the search in
the Web of Science, Scopus, and Medline/PubMed
databases (via National Library of Medicine). The
search involved the application of descriptors in each
database. The following strategy guided the search:
(“BUSHMEAT” OR “WILD MEAT” OR “GAME
MEAT” OR “INDIGENOUS MEAT” OR “WILD AN-
IMALS” OR "HUNTING ANIMALS MEAT") AND
(“POOD CONSUMPTION” OR “FOOD INTAKE”
OR “DIETARY”) AND (“MICRONUTRIENT” OR
“NUTRIENT” OR “NUTRITION” OR “FOOD COM-
POSITION” OR “MINERAL”). We also consulted ex-
perts to receive recommendations on potential studies
to be included in our review. We adopted a compre-
hensive approach in searching for information on mi-
cronutrients, rather than focusing exclusively on iron.
This choice is justified by the fact that the present
study is part of a broader investigation, in which a
variety of nutrients are being examined.

Study Selection

We utilized the Rayyan tool to organize the records
and remove duplicates found in the search. Three au-
thors (ALSM, MFAM, ALBO) independently selected
the articles, applying the eligibility criteria. In the ini-
tial screening, titles and abstracts that did not meet
the inclusion criteria were excluded. To address dis-
crepancies or uncertainties, such as whether certain
wild animals were consumed as food by human popu-
lations, two authors (MCMJ, JKSM) were consulted.
Subsequently, potentially eligible texts were read in
full. After the reading, inclusion, and exclusion pro-
cess, the selected articles were stored in reference man-
agement software.

Data Extraction

Three authors (ALSM, MFAM, and ALBO) inde-
pendently extracted data from the selected articles to
ensure the accuracy of information transcription. For
the purpose of this project, two spreadsheets were or-
ganized. The first one contains the identification infor-
mation of the articles, for which we assigned codes to
facilitate cross-referencing with the other sets. The
second one contains the variables of interest in the
research, namely: taxonomy, animal class, analyzed

body part, and iron concentration. When necessary,
nutritional composition data were converted and stan-
dardized in wet weight.

Quality Analysis

To date, there are no records in the literature of
specific quality questionnaires for assessing studies on
the nutritional composition of wild animals. In re-
sponse to this gap, we created a questionnaire (Addi-
tional File 2) to evaluate the methodological quality
of the studies, given our need to enhance the trans-
parency and specificity of the results, and ethical and
legal issues of the articles comprising the review. Ex-
amples of specific criteria to be addressed in our re-
search and not covered in previous single protocols in-
clude topics related to conflicts of interest and funding.
The choice of these aspects is grounded in the sensitive
ethical context involved in the theme of wild animals.
Therefore, we decided to create our own protocol, ad-
dressing the most relevant points of these documents
and adapting them to the reality of studies on the nu-
tritional composition of wild animal meat. The devel-
opment of this instrument followed an integrative ap-
proach, incorporating elements from existing related
protocols, such as LatinFoods/FAO (Masson 1999),
QUADAS (Whiting et al. 2003), STROBE (von Elm
et al. 2008), among others.

The questionnaire used in this study consisted of a
checklist with nine items, covering topics such as study
design and sample size, taxonomic accuracy of ani-
mal description, procedures employed in sample pro-
cessing, source of funding, conflicts of interest, etc.
For each of the questions, we developed structured re-
sponses and scoring: "Yes/Not applicable", equivalent
to 1.0 point; "Not clear", 0.5; and, finally, "No", 0.

Three trained assessors (ALSM, MFAM, and
ALBO) independently used the questionnaire to as-
sess one of the articles in the review to evaluate the
clarity of the instrument. Subsequently, individual re-
sults were discussed with the research team, and the
instrument was refined and thereafter used in the as-
sessment of the remaining articles. Three trained as-
sessors evaluated all of the articles independently using
the checklist, and an average score was calculated for
each article.

The articles were categorized into three levels of
quality: low quality (0 to 2.9 points); medium quality
(3.0 to 5.9 points); and high quality (> 6.0 points).
The agreement among the assessors was measured us-
ing Fleiss’ Kappa (Everitt and Fleiss 1981).

Data Analysis

Due to the unavailability of raw data from the re-
viewed studies, our analysis relied solely on reported
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mean values. This approach, while necessary, may
have limited our ability to fully capture data variabil-
ity. To maintain data integrity, we treated multiple
studies reporting on the same species as independent
data points within our data frame (Additional File 3).
Similarly, even when presented collectively as "mus-
cle" in the Results, data for breast and thigh were
recorded separately to facilitate comparisons between
these distinct tissue types.

We performed a descriptive statistical analysis of
iron content in different animal species and groups.
First, we calculated weighted mean iron content val-
ues for each species, accounting for varying sample
sizes across studies. To represent the variability within
species, we calculated a pooled standard deviation for
each species, combining data from multiple samples
when available. Additionally, we calculated pooled
standard deviations for three distinct groups: mam-
mal muscle, mammal viscera, and bird muscle. This
approach allowed us to quantify the overall variation
in iron content within each group. Due to the lack
of detailed information on potential confounding fac-
tors within the source material, we focused on these
descriptive statistics to characterize the central ten-
dency and variability of iron content across species and
groups. All statistical analyses were conducted using
the Python programming language within the Jupyter
Notebook environment.

RESULTS AND DISCUSSION

Study Selection

Following the database review, we identified a total
of 565 articles (Web of Science: 68, Medline/PubMed:
325, Scopus: 172). After excluding 142 duplicates,
we proceeded to analyze the titles and abstracts of
423 articles. Of these, 75 articles were selected for
full-text reading. At this stage, 67 articles were ex-
cluded, with five presenting secondary data, 56 being
incomplete and not adequately meeting methodologi-
cal, sampling, statistical analysis, and coherent presen-
tation of results criteria, and six lacking information
on iron composition.

Consequently, after screening, eight articles re-
mained that met the criteria for iron mineral analysis.
Data from 943 samples of wild meat were assessed in
these articles. The selection of articles is schematically
presented in Figure 1 and Table 1 presents synthesis
of the analyzed studies.

Study Quality

We analyzed the quality of the eight articles, and
the agreement among assessors was excellent (Fleiss’
Kappa = 0.833). The average quality of the articles
was high at 6.52 (Additional File 4), and no article
was assessed as low quality. Articles scored highest
on criteria related to the detailed reporting of sample
processing procedures, analytical methods, and results
presentation. Conversely, lower scores were assigned to
articles that omitted species’ scientific names or lacked
information regarding potential conflicts of interest
and funding sources. The absence of taxonomic in-
formation is relatively less problematic for fauna, due
to their distinct characteristics and larger size, which
generally make them easier to identify compared to
plants or other natural resources with more subtle dif-
ferences (Bowler et al. 2024)

Analysis of Iron Content in the Studies

In our review, we analyzed nine animal species
(Figure 2), including six mammals and three birds.

The overall average iron content in the meats ana-
lyzed varied from 2.56 to 15.227 mg, with a high stan-
dard deviation (2.46 mg), given the significant varia-
tion in iron among different species and even among
muscles and viscera. The highest iron concentration
was found in the viscera of Odocoileus virginianus
(white-tailed deer), with an average of 16.13 mg of iron
per 100g. Conversely, the lowest value was found in the
muscle of Alces alces (elk), with a mean iron content
of 0.33 mg per 100g. Among the bird species, the ani-
mal with the highest iron concentration was Columba
palumbus (woodpigeon), with an average iron content
of 3.96 mg per 100g, having a higher iron concentration
in its muscles than some mammalian species.

Figure 3 presents the comparison of iron content
considering the different types of animals analyzed.

The results offer insights into the iron content of
wild animal meats, particularly between mammals and
birds. Due to the lack of data on bird offal, a compre-
hensive comparison was not possible. Mammal viscera
(15.22 mg) have on average almost six times the iron
content of their muscle (2.56 mg). Additionally, we
found interesting patterns of iron in muscles of birds
(3.62 mg), which on average contain over 40% more
iron than mammal muscles. Based on these obser-
vations, we draw the following conclusions, which we
elaborate on in the subsequent sections. Based on
these results, we draw the following conclusions, which
we elaborate on in the following sections.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and other sources

[ Identification of studies via databases and registers J [ Identification of studies via other methods J
—
identified from Hsoonde 'F‘"me'j e Records identified from:
searching: SCIB‘;J: ‘ﬁgte records removed (n Experts (n=0)
Databases (n = 565) < 1':2)

| l
—

Records screened Records

(n=423) (n=348)

Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved

(n=75) (n=0) (n=0) (n=0)

ST 111 =67
Reports assessed for eligibity Erchadui k0 tunk duthon i =07) Reparts assessed for eligibility
(n=75) the methodology of food (n=0)
mps?)nmn Analysis Reports excluded: 0
. ‘Submitted secondary
data (n = 5)

— . Works that did not

Studies included in review fr:‘ugl::tﬂa?\:f o

(n=8)

Reports of included studies

(n=0)

TOTAL =

OTAL=8

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021:372:n71. doi: 10.1136/bmj.n71.
For more lion, visit: hitp:/www, -statement.org/

Figure 1. Flowchart of the study selection process.

Figure 2. Wild animals analyzed for their meat’s iron content. Species are listed alphabetically from top to
bottom and left to right. The species included are: (a) Alces alces, (b) Capreolus capreolus, (c) Cervus elaphus,
(d) Columba palumbus, (e) Odocoileus hemionus, (f) Odocoileus virginianus, (g) Streptopelia turtur, (h) Sus
scrofa, (1) Turdus philomelos. Species images courtesy of the TUCN Red List of Threatened Species.




Table 1. Characterization of studies on the nutritional composition of wild animals.

Publication data

Country of sample

Number of

# (authors, year, Study objective Animals collected Study quality
collection samples (part)
and journal)
1 Dannenberger et al. Investigate the effects of gender, Germany Wild roe deer (Capreolus 203 (Longissimus  High (6.50)
2012; Meat Science age, and region on the macronutri- capreolus), Wild boar (Sus muscle)
ents, micronutrients, and fatty acid scrofa)
profiles of wild boar and deer mus-
cles.
2 Johnson et al. 2007; They evaluated the mineral content United States of Tule elk (Cervus elaphus 240 (Liver) Medium (5.50)
Journal of Wildlife of the horn, liver, and forage to America nannodes)
Diseases measure deficiencies and toxicities.
3 Lorenzo et al. 2018; Investigate the effects of the age of Spain Red deer (Cervus elaphus) 150 (Muscle) Medium (8.50)
Journal of the Sci- slaughter on the levels of macro and
ence of Food and microminerals in wild deer meat.
Agriculture
4  Milczarek et al. Compare the proximate composi- Poland Wild roe deer (Capreo- 60 (Semimembra- High (8.33)
2021; Animais tion of nutrients in the meat of roe lus capreolus), Red deer nosus muscle)
deer and wild deer. (Cervus elaphus)
Serrano et al. 2020;
5 Evaluate for the first time the com- Spain and New Red deer (Cervus elaphus) 24 (Longissimus tho- High (9.0)
Scientific Reports bined impact of country of origin Zealand racis et lumborum)
and the type of slaughter/season on
the quality and nutritional value of
red deer meat.
6 Sevillano-Cafio et To determine the micronutrient Spain Wood  pigeon (Columba 89 (Breast and thigh) High (6.50)
al.  2020; Biologi- content and the nutritional /toxico- palumbus), Wild turtle dove
cal Trace FElement logical value of game bird meat. (Streptopelia  turtur), wild
Research thrush (Turdus philomelos)
7  Strazdioa et al. 2013; To compare the nutritional value Latvia Elk (Alces alces), Red deer 54 (Muscle) Medium(5.00)
Proceedings of the of elk, wild deer, farmed deer, roe (Cervus  elaphus),  Wild
Latvian Academy of deer, and wild boar. boar (Sus scrofa), Wild roe
Sciences deer (Capreolus capreolus).
8 Zimmerman et al. Evaluate the baseline liver mineral United States of White-tailed deer 83 (Liver) High (5.50)
2008; Journal of concentrations of deer using differ- America (Odocoileus virginianus),
Wildlife Diseases ent habitats. mule deer  (Odocoileus

hemionus)
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Wild animal meats are an important
source of iron

Based on the data analyzed in this study, we con-
clude that wild meat presents significant iron content
and can be considered a source of this mineral, with
more than 5% of the Dietary Reference Intake (DRI)
value in a typical portion of each of the nine species
considered in this study (Institute of Medicine 2001).

For instance, the reference values for the recom-
mended daily intake of iron are 27 mg/day for preg-
nant women, 18 for women, 8 for men, 7 for chil-
dren aged 1 to 3 years, and 10 for children aged 4
to 8 years (National Institute of Health 2023). When
comparing these recommendations with the iron con-
tent of the viscera of Cervus elaphus (14.09 mg),
Odocoileus hemionus (15.44 mg), and Odocoileus vir-
ginianus (16.14 mg), we observe that the consumption
of 100 g of the meat per day would cover the recom-
mended daily goals for men and children, while be-
ing close to the daily recommendation for women. In
terms of muscle meat consumption, a 100-gram por-
tion of mammal meat can provide approximately one-
third of a child’s daily iron needs, while bird meat can
supply more than 40%.

Wild meat stands out as rich sources of iron, espe-
cially when compared to meats from domesticated an-
imals. For example, considering raw beef liver, known
for its high iron content, we find that 100 grams,
equivalent to an average steak portion (Pinheiro et al.
2004), contain approximately 5.60 mg of this mineral.
Another comparative perspective would be lean sirloin
steak, which has 1.7 mg of iron per 100 grams (Ntcleo
de Estudos e Pesquisas em Alimentacao 2011). These
comparisons demonstrate that the iron content in wild
meat can reach up to three times higher levels than
that observed in meats from domestic animals. Never-
theless, it is important to note that elk meat does not
exhibit high levels of iron content. This observation
should be interpreted with caution due to the limited
number of samples and the fact that only one study
provides this data. For instance, The United States
Department of Agriculture’s (2024) FoodData Central
database indicates that roasted elk meat (species not
specified) can contain up to 3.63 mg of iron per 100
grams. However, it is important to note that roasting
food results in water loss, which can concentrate the
amount of nutrients.

The composition of meat, including organs, mus-
cles, and fat after rigor mortis (Burin et al. 2016),
varies considerably due to factors such as age, gen-
der, physical activity, location, diet, ecological inter-
actions, and type of death. These elements influence
the nutritional and physical characteristics of meat,
explaining the differences in iron content between do-
mesticated and wild meats. Our analyses reinforce the

importance of evaluating these factors that influence
composition even within the group of wild animals.
For example, the analysis of red deer (Cervus elaphus)
muscle, which was represented in four of the studies
analyzed, across different countries, with animals of
different ages and engaging in different interactions
with their habitat, showed varying iron contents in
their composition, ranging from 0.23 mg to 3.80 mg
per 100g.

One of the studies explaining this variation was
conducted in Spain and New Zealand by Serrano et
al. (2020). In this research, the authors compared red
deer (Cervus elaphus) meat during winter and sum-
mer seasons. The results revealed higher iron levels
during winter. According to the authors, the higher
iron content in red deer meat during winter is due to
their seasonal dietary changes and the increased stress
associated with winter hunting methods. For instance,
in winter, red deer consume woody plants, bark, and
evergreen foliage, which are rich in minerals, including
iron. This contrasts with their summer diet of grasses,
herbs, and deciduous leaves. Additionally, the stress
from winter hunting methods, such as using packs of
dogs, contributes to alterations in meat quality com-
pared to the less stressful summer stalking methods.

We conclude that the iron content in wild animal
meats stands out for its nutritional value, being partic-
ularly relevant for populations that rely on hunting as
a traditional food source, especially in areas where iron
deficiency is prevalent (Golden et al. 2011). Ensuring
the physical access of these communities to these food
resources is a way to respect and protect the human
right to adequate food.

Wild animal viscera contain more iron
than muscle tissue

In mammals, the iron content in viscera has been
found to be higher than in muscle tissue, as observed
in Cervus elaphus (red deer), where the average iron
content in viscera is 14.09 mg compared to 3.07 mg
in muscle tissue. This same trend is also observed in
domesticated animals (Roga 2012).

The disparity in micronutrient concentration, such
as iron, between the viscera and muscles of animals is
intrinsically linked to the specific biological functions
of these body areas. Viscera, such as the liver and
kidneys, play vital roles in the metabolism and stor-
age of essential nutrients, including minerals like iron
(Damodaran and Parkin 2018). They are often rich in
a variety of essential nutrients, including fat-soluble vi-
tamins and minerals, which are found in smaller quan-
tities in muscle meats (Burin et al. 2016).

Given this nutritional composition, consuming vis-
cera can be an effective way to incorporate important
micronutrients into the diet. However, it is important
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Table 2. Weighted mean and standard deviation of iron content (in mg) in different species and tissues of wild

animals (n = 943).

. Common
Species
names

Weighted Pooled Standard Source

Samples

mean Deviation of data

Mammal muscle (n = 365), mean: 2.56, Pooled Standard Deviation (PSD): 0.28

Alces alces Elk

Capreolus capreolus Wild roe deer 88
Cervus elaphus Red deer 213
Sus scrofa Wild boar 56

0.33 * 7
2.77 0.40 7,1,4
3.07 0.07 4,5,7,3
1.57 0.50 1,7

Mammal viscera (n = 420), mean: 15.22, PSD: 2.07

Cervus elaphus Red deer 340
Odocoileus hemionus Mule deer 38
Odocoileus virginianus ~ White-tailed deer 42

14.09 2.15 2
15.44 1.06 8
16.13 2.10 8

Bird muscle (n = 158), mean: 3.62, PSD: .95

Columba palumbus Wood pigeon 50
Streptopelia turtur Wild turtle dove 38
Turdus philomelos Wild thrush 70

3.96 1.72 6
3.56 1.31 6
3.32 7.20 6

* The standard deviations were calculated using the means provided in each original study. For Alces alces, only one
mean value was reported in study 7. Therefore, it was not possible to calculate the standard deviation for this species.

to highlight that viscera may also have a higher con-
centration of heavy metals due to their role in metabo-
lizing and eliminating toxic substances from the body
(Danieli et al. 2012). Prolonged or high-concentration
exposure to heavy metals can lead to damage to the
organs and systems of the body (Aratjo et al. 2017).

Meats of wild birds contain more iron
than those of wild mammals

From a nutritional perspective, red meats generally
contain more iron than white meats due to the pres-
ence of proteins such as myoglobin and hemoglobin,
which influence iron concentration and meat color
(Zhuo et al. 2013; Lawrie 2005). However, based on
our results, we found that the average iron content in
the muscles of wild birds (3.62 mg) is higher than in
wild mammals (2.56 mg), contrary to current litera-
ture. Even when excluding Alces alces, which has a
small sample size, and Turdus philomelos, which has a
large pooled standard deviation, the average iron con-
tent of other species supports the pattern of higher
iron in birds than in mammals. We believe this ob-
served outcome may be explained not by an inherent
characteristic of the animals but rather by factors such
as slaughter methods, which prevent external bleeding,
or the migratory habits of birds, leading to more de-
veloped wing muscles with higher iron content.

The first factor that may explain the variation in
iron content in some types of wild animal meats is
linked to the pattern of death itself. Many wild ani-
mals are hunted and shot with projectiles, namely bul-
lets or shot. In the case of small birds, the part often
hit is the breast due to its larger area (Sevillano-Caifio
et al. 2020), which facilitates successful shooting. Vi-
tal biological structures such as the heart, liver, and
lungs are located in the chest region. A shot fired in
these regions can lead to blood leakage into the mus-
cle fibers in this area, resulting in an increase in the
iron content present in the pectoral muscle (Sevillano-
Cano et al. 2020). The result is a higher iron content
in the breast in bird meat than in the thighs. In our
study, for example, breast cuts (4.87 mg) showed av-
erage iron values that exceeded those of thigh cuts by
almost 87% (2.62 mg) (Additional File 3).

An additional factor related to the animal slaugh-
ter is bleeding, defined as the removal of blood from
the animal by cutting large vessels (Roga 2012). The
literature shows us that wild animals are often not bled
immediately after death (Serrano et al. 2020; Lawrie
2005). The elimination of the bleeding phase may, in
turn, increase the level of iron available in the wild
meat. It is worth noting that the three bird species in-
cluded in our study are small birds. Therefore, as our
birds are small, the impact of both the shot and bleed-
ing might be more pronounced compared to larger an-
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Figure 3. Forest plot of iron content in different species and tissues of wild animals. The plot reveals that
mammal viscera have the highest iron content, while bird muscle generally shows higher iron levels compared

to mammal muscle.

imals.

The second factor, independent of the cause of
death, may be linked to the lifestyle of wild birds.
Specifically, the birds examined in this review are
migratory and predominantly utilize their pectoral
(breast) muscles over their femoral (thigh) muscles
(Sevillano-Caiflo et al. 2020). This pattern is sup-
ported by the higher iron content in the breast com-
pared to the thigh, as mentioned. Conversely, this is
the reverse pattern of avian species commonly con-
sumed within contemporary food systems, such as
chickens, which are typically reared in Concentrated
Animal Feeding Operations (CAFOs). In these en-
vironments, their behavior leans more towards walk-
ing and standing, resulting in more intense color and
higher iron content in their thighs.

The relevance of our paper lies in the context in
which wild meat can be a resource to enhance food
security for IPLC. However, even recognizing the role
of wild meat for IPLC in the Global North (Shafiee et
al. 2022), the data available for our analysis may have
originated in contexts where hunting is not primar-
ily driven by food security needs, but by other socio-

cultural or economic factors. While we acknowledge
that this approach does not affect our conclusions,
which are related to the nutritional content of the
meat and not the reasons for hunting, we recommend
caution when emphasizing the nutritional potential of
wild meat outside the contexts of IPLC, as this could
inadvertently encourage its consumption and lead to
sustainability issues. Furthermore, we encourage more
studies examining the nutritional composition of wild
meats from contexts where they truly contribute to
food security, as this may provide more comprehen-
sive information to support IPLC in the sustainable
use of wild resources.

LIMITATIONS

Several limitations were encountered during the de-
velopment of this study. One major challenge was the
lack of access to original data from the reviewed arti-
cles, which may have compromised our ability to cap-
ture data variability accurately. Additionally, the lack
of control variables that impact composition in the an-
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alyzed studies limited our ability to adjust for these
elements during tests and conduct subgroup analy-
ses. Furthermore, discrepancies in sample sizes among
groups further limited our ability to engage in a tra-
ditional hypothesis-driven approach. All these limita-
tions led us to adopt a characterization-based research
method instead, making this study a preliminary ap-
proach that needs further exploration and validation
to enhance our understanding of the nutritional value
of wild meats.

During our investigation, we also identified a sig-
nificant gap in appropriate tools to assess the method-
ological quality of research related to the nutritional
composition of wild animals. Specific ethical and legal
considerations in this field exacerbate this need. To
address this limitation, we developed our own qual-
ity assessment questionnaire (Additional File 2). This
tool assisted us in evaluating the quality of the studies
included in the review, considering the complexity and
variability of the resources in question.

CONCLUSION

This study underscores the nutritional potential of
wild meat, particularly as a rich source of iron, espe-
cially within its viscera. Our findings challenge the es-
tablished paradigm that red meats inherently possess
higher iron content than white meats, a concept of-
ten extrapolated from studies on domesticated species.
Our analysis reveals that wild bird muscles can exhibit
higher iron concentrations than those of wild mam-
mals, emphasizing the limitations of applying general-
ized assumptions derived from domesticated animals
to wild species. These findings highlight the need to
incorporate a more nuanced understanding of factors
influencing the nutritional profiles of wild foods. Di-
rect nutritional analyses that consider not only intrin-
sic compositional differences, but also extrinsic factors
related to harvesting and processing techniques are es-
sential for accurate assessments.

This research holds relevance for healthcare profes-
sionals working with communities reliant on wild meat
and with high prevalence of IDA. It shows that wild
resources, which serve as key staples for these popu-
lations, are influenced by cultural practices and spe-
cific environmental contexts. By understanding these
factors, more effective nutritional education strategies
can be developed, promoting the well-being and health
of these communities.
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Additional Files

Add File 1. Checklist of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020).

Section and Topic

TITLE

Title

ABSTRACT
Abstract
INTRODUCTION
Rationale

Objectives
METHODS
Eligibility criteria

Information sources

Search strategy

Selection process

Data collection pro-
cess

Data items

10a

10b

Checklist item

Identify the report as a systematic review.

See the PRISMA 2020 for Abstracts checklist.

Describe the rationale for the review in the context of existing knowledge.

Provide an explicit statement of the objective(s) or question(s) the review addresses.

Specify the inclusion and exclusion criteria for the review and how studies were grouped for
the syntheses.

Specify all databases, registers, websites, organizations, reference lists and other sources
searched or consulted to identify studies. Specify the date when each source was last searched
or consulted.

Present the full search strategies for all databases, registers and websites, including any
filters and limits used.

Specify the methods used to decide whether a study met the inclusion criteria of the review,
including how many reviewers screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation tools used in the process.

Specify the methods used to collect data from reports, including how many reviewers col-
lected data from each report, whether they worked independently, any processes for obtaining
or confirming data from study investigators, and if applicable, details of automation tools
used in the process.

List and define all outcomes for which data were sought. Specify whether all results that
were compatible with each outcome domain in each study were sought (e.g. for all measures,
time points, analyses), and if not, the methods used to decide which results to collect.

List and define all other variables for which data were sought (e.g. participant and interven-
tion characteristics, funding sources). Describe any assumptions made about any missing or
unclear information.

Location where

item is reported

to be continued...
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Section and Topic

Study risk of bias as-
sessment

Effect measures

Synthesis methods

Reporting bias as-
sessment

Certainty assessment

RESULTS

Study selection

Study characteristics
Risk of bias in studies

Results of individual
studies

11

12

13a

13b

13c

13d

13e

13f
14

15

16a

16b

Checklist item

Specify the methods used to assess risk of bias in the included studies, including details of
the tool(s) used, how many reviewers assessed each study and whether they worked inde-
pendently, and if applicable, details of automation tools used in the process.

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the
synthesis or presentation of results.

Describe the processes used to decide which studies were eligible for each synthesis (e.g.
tabulating the study intervention characteristics and comparing against the planned groups
for each synthesis (item #5)).

Describe any methods required to prepare the data for presentation or synthesis, such as
handling of missing summary statistics, or data conversions.

Describe any methods used to tabulate or visually display results of individual studies and
syntheses.

Describe any methods used to synthesize results and provide a rationale for the choice(s). If
meta-analysis was performed, describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.

Describe any methods used to explore possible causes of heterogeneity among study results
(e.g. subgroup analysis, meta-regression).

Describe any sensitivity analyses conducted to assess robustness of the synthesized results.

Describe any methods used to assess risk of bias due to missing results in a synthesis (arising
from reporting biases).

Describe any methods used to assess certainty (or confidence) in the body of evidence for an
outcome.

Describe the results of the search and selection process, from the number of records identified
in the search to the number of studies included in the review, ideally using a flow diagram.

Cite studies that might appear to meet the inclusion criteria, but which were excluded, and
explain why they were excluded.

Cite each included study and present its characteristics.
Present assessments of risk of bias for each included study.

For all outcomes, present, for each study: (a) summary statistics for each group (where
appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval),
ideally using structured tables or plots.

Location where

item is reported

6-7

NA

NA

NA

7-8

NA

NA

NA
6-7

NA

9-11
12
NA

to be continued...

PO:PT AIOSUOD [OIqoutyH

sparg pue spewrwe]y Surredwo)) MoIA9Y O1yewISAS Y SIBON [EWIUY PIIAA Ul JUSIUO)) UOI[ "GZOg ‘1P 12 RIWLAID



QI

Section and Topic

Results of syntheses

Reporting biases

Certainty of evidence

DISCUSSION

Discussion

OTHER INFOR-
MATION

20a

20b

20c

20d

21

22

23a
23b
23c
23d

24a

Registration and protocol 24b

Support

Competing interests

Availability of data,
code and other mate-
rials

24c

25

26
27

Checklist item

For each synthesis, briefly summarise the characteristics and risk of bias among contributing
studies.

Present results of all statistical syntheses conducted. If meta-analysis was done, present for
each the summary estimate and its precision (e.g. confidence/credible interval) and measures
of statistical heterogeneity. If comparing groups, describe the direction of the effect.

Present results of all investigations of possible causes of heterogeneity among study results.

Present results of all sensitivity analyses conducted to assess the robustness of the synthesized
results.

Present assessments of risk of bias due to missing results (arising from reporting biases) for
each synthesis assessed.

Present assessments of certainty (or confidence) in the body of evidence for each outcome
assessed.

Provide a general interpretation of the results in the context of other evidence.
Discuss any limitations of the evidence included in the review.
Discuss any limitations of the review processes used.

Discuss implications of the results for practice, policy, and future research.

Provide registration information for the review, including register name and registration
number, or state that the review was not registered.

Indicate where the review protocol can be accessed, or state that a protocol was not prepared.

Describe and explain any amendments to information provided at registration or in the
protocol.

Describe sources of financial or non-financial support for the review, and the role of the
funders or sponsors in the review.

Declare any competing interests of review authors.

Report which of the following are publicly available and where they can be found: tem-
plate data collection forms; data extracted from included studies; data used for all analyses;
analytic code; any other materials used in the review.

Location where

item is reported

14

14, 15, Spp. 3
and 4

NA
NA

NA

NA

15-17
15-17
17
18

NA

NA
NA

18
18
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Add File 2. Checklist for Assessing the Quality of Reports on the Nutritional Composition of Wild Animals. Scoring Explanation to each criterion: A
score of 0 points indicates the information is not available; 0.5 points denote ambiguity or unclear information; and 1.0 point signifies the information is
either available or not applicable.

Item Section Criteria Question Source
. . ) ) o LatinFoods/FAO; "QUADAS

Study design and sample size ~ Methods 1 They specify the sampling plan (e.g., random, opportunistic)
and, when applicable, the method used for sample size calcula- Tool/ Timmer’s Analisis Tool"
tion?

Sample Methods 2 Do they mention the scientific name of the species? Original authorship

Processing Methods 3 The procedures used for processing the samples are reported LatinFoods/FAO, QUADAS
(e.g., if the sample was washed, type of water used, type of Tool
knife, time after hunting, storage of the game until reaching the
laboratory, type of freezing, type of drying).

Analysis Methods 4 The methods of sample analysis are described? LatinFoods/FAO, QUADAS

Tool, Timmer’s, OHAT

Analysis Methods 5 Were the analyses conducted at least in triplicate or on at least LatinFoods/FAO / Original
three animals of the sampled species? authorship

Quantitative variables Methods 6 Do they present results with coefficients of variance or standard  LatinFoods/FAO
deviation or standard error?

Incomplete data Methods 7 In the case of losses, incomplete results (losses and exclusions Cochrane, QUADAS, Tim-
during the experiment) were adequately justified? mers

Funding Other information 8 Do they specify the study’s funding source and the role of the STROBE
funders?

Conflicts of interest Other information 9 Do they report the existence or absence of potential conflicts of  Original authorship

interest?
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Add File 3. Iron Content in Wild Animal Meats.

id species animal animal animal iron sample country od reason common
species class part content size 2 samples names

14 Alces alces aa mammal muscle  0.000326 8 Latvia NA NA Elk

14 Capreolus capreolus cc mammal muscle 0.000206 16 Latvia NA NA Wild roe deer

2 Capreolus capreolus cc mammal muscle 0.00321 42 Germany 0.00057 NA Wild roe deer

7  Capreolus capreolus cc mammal muscle 0.003531 30 Poland 0.0000980 NA Wild roe deer

7 Cervus elaphus ce mammal muscle 0.0038 30 Poland 0.0000981 NA Red deer

9  Cervus elaphus ce mammal muscle 0.003410 10 New Zeland 0.000106 Different locations Red deer

9 Cervus elaphus ce mammal muscle 0.002950 14 Spain 0.000107 Different locations Red deer

14 Cervus elaphus ce mammal muscle 0.000230 9 Latvia NA NA Red deer

16 Cervus elaphus ce mammal muscle  0.003370 50 Spain 0.000060 Different age Red deer

16 Cervus elaphus ce mammal muscle 0.003142 50 Spain 0.000059 Different age Red deer

16 Cervus elaphus ce mammal muscle  0.002731 50 Spain 0.000059 Different age Red deer

5  Cervus elaphus ce mammal viscera  0.015131 154 Unites States  0.002147 Different locations Red deer

5 Cervus elaphus ce mammal viscera  0.013225 186 Unites States  0.002147 Different locations Red deer

10  Columba palumbus cp bird muscle 0.005350 25 Spain 0.00207 Breast Wood pigeon

10  Columba palumbus cp bird muscle 0.002580 25 Spain 0.00129 Thigh Wood pigeon

13 Odocoileus hemionus oh mammal viscera  0.015747 19 Unites States  0.001078 Burned habitat Mule deer

13 Odocoileus hemionus oh mammal viscera  0.015128 19 Unites States  0.001044 Unburned habitat ~ Mule deer

13 Odocoileus virginianus — ov mammal viscera  0.018227 21 Unites States  0.002707 Unburned habitat ~ White-tailed deer

13 Odocoileus virginianus — ov mammal viscera  0.014043 21 Unites States  0.001209 Burned habitat White-tailed deer

10  Streptopelia turtur st bird muscle 0.004190 19 Spain 0.00126 Breast Wild turtle dove

10  Streptopelia turtur st bird muscle 0.002930 19 Spain 0.00135 Thigh Wild turtle dove

2 Sus scrofa sc mammal muscle 0.0019 44 Germany 0.00056 NA Wild boar

14 Sus scrofa sc mammal muscle 0.000344 12 Latvia NA NA Wild boar

10 Turdus philomelos tp bird muscle 0.005080 25 Spain 0.00135 Breast Wild thrush

10 Turdus philomelos tp bird muscle 0.002350 45 Spain 0.0089 Thigh Wild thrush
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Add File 4. Quality Assessment of Included Studies, Based on Reviewers’ Judgments Using the Quality Assessment Questionnaire. Scoring Explanation
- A score of 0 points indicates the information is not available; 0.5 points denote ambiguity or unclear information; and 1.0 point signifies the information

is either available or not applicable.

QUESTIONS FINAL
N° ARTICLE DATA
1 2 3 4 5 6 7 9 ASSESSMENT
1 D. Dannenberger a; G. Nuremberg b; K. Nuremberg a; E. Hagemann; 2012 1 0 1 1 1 1 05 0 6.5
2 Heather E. Johnson , Vernon C. Bleich , Paul R. Krausman.; 2007 05 0 o 1 1 1 1 0 5.5
3 José M Lorenzo, Aristide Maggiolino, Laureano Gallego, Mirian Pateiro, 1 1 1 1 1 1 05 1 8.5
Martina Pérez Serrano, Rubén Dominguez, Andrés Garcia, Tomas Landete-
Castillejos, Pasquale De Palo; 2018
4 Anna Milczarek, Alina Janocha, Grazyna Niedzialek, Michalina Zowczak- 1 1 1 1 05 1 1 1 8.33
Romanowicz, Elzbieta Horoszewicz, Stawomir Piotrowski ; 2021
5 Martina Pérez Serrano ,Aristide Maggiolino ,Tomés Landete-Castillejos ,Mirian 1 1 1 1 1 1 1 1 9
Pateiro ,Javier Pérez Barberia ,Iolanda Fierro ,Rubén Dominguez ,Laureano
Galego ,Andrés Garcia ,Pasquale De Palo &José Manuel Lorenzo; 2020;
6 Jests Sevillano-Canio, Fernando Cédmara-Martos, Eva Maria Aguilar-Luque, 1 05 1 1 1 1 0 1 6.5
Manuel Cejudo-Goémez, Alicia Moreno-Ortega & Jesiis Salvador Sevillano-
Morales; 2020
7 Vita Strazdioa, Aleksandrs Jemeijanovs, and Vita Dterna; 2013 1 0 0O 1 1 0 05 0.5 5
8 Teresa J Zimmerman, Jonathan A Jenks , David M Leslie Jr, Regg D Neiger; 1 0 05 1 1 1 O 0 5.5

2008
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