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The North American bison (Bison bison) is gaining prominence in agricultural production systems across North America; however, comprehensive species-specific management guidelines, particularly regarding nutrition, remain limited. Vitamins and minerals are critical components of animal nutrition, playing essential roles in health maintenance and productivity. As bison production expands, the demand for precise nutritional benchmarks tailored to the species becomes increasingly evident. This scoping review aimed to (1) synthesize existing data on vitamin and mineral concentrations in bison tissues and (2) identify gaps in the current knowledge base to enhance bison health, welfare, and productivity. The review evaluated literature addressing vitamin and mineral profiles across various tissues in bison, while highlighting emerging areas of research, including the influence of environmental conditions and feeding systems (e.g., grass- versus grain-finished diets) on micronutrient status. Furthermore, although limited data were available, initial findings suggest sex and age do not impact micronutrient concentrations in bison tissues. These results underscore the need for further targeted research to refine and advance our understanding of micronutrient status of bison in order to develop a robust baseline data set to begin experiments to determine mineral and vitamin requirements for bison.
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1 Introduction

The North American bison (Bison bison), once a symbol of the North American plains, has become increasingly significant within agricultural systems across the US and Canada (Freese et al., 2007; USDA National Agricultural Statistics Service, 2022). With the growth of bison populations and their use in commercial and tribal production systems, there is increasing interest in their biology and nutritional management, especially under confined conditions that differ from traditional grazing environments (Galbraith et al., 2014; Hecker et al., 2021). However, current nutritional data are largely derived from wild populations or from studies on European bison (Bison bonasus) in European reserves (Richmond et al., 1977; Wolk and Krasinska, 2004). This leaves significant gaps in understanding the specific dietary needs of farmed bison.

Minerals and vitamins are fundamental to livestock health, influencing growth, immunity, reproduction, and overall performance (Puls, 1994; McDowell, 2006). Yet, research on mineral content in bison tissues has mostly focused on macro- and micro-mineral concentrations in organs like the liver and muscle, often using cattle as a comparative baseline (Marchello et al., 1989; Galbraith et al., 2006; Durkalec et al., 2018). Vitamins are even less studied, with limited work addressing their role beyond growth and meat quality, with a particular focus on vitamins A and E (Driskell et al., 2004; Galbraith et al., 2016; Wagner et al., 2023). Although studies in cattle show the importance of vitamins for immune support and antioxidant function, such insights have yet to be fully explored in bison, which differ in digestive physiology and natural diets (Delgiudice et al., 1994; Raynor et al., 2015).

As the bison industry grows, there is a clear need for species-specific nutritional data. This review aims to 1) synthesize available data on vitamin and mineral concentrations in bison tissues and 2) identify knowledge gap, to enhance bison health, welfare, and productivity (NFACC, 2017). As discussed later, there are limitations to this review. Specifically, this review encompasses both North American and European bison. This introduces variability, as these species most likely have different nutritional profiles. However, with the limited data available on mineral and vitamin status of North American bison, both species were included in this review.




2 Methods

This scoping review was completed using the methodological framework detailed by Arksey and O’Malley (2005) and expanded by Levac et al. (2010) and applied the reporting guidelines from the PRISMA checklist and flow diagram (Page et al., 2021).



2.1 Eligibility criteria

This scoping review focuses on two closely related bison species: the North American bison (Bison bison; Plains bison) and the European bison (Bison bonasus). Their shared genus (Bison) suggests important similarities, making them both interesting subjects for this study. Furthermore, the review encompasses both free-range and captive bison populations of all ages and sexes. The search prioritized studies investigating vitamin and mineral concentrations within various tissue types including all known vitamins and both macro and micro minerals. Tissue samples included were both external (e.g., skin, hair, and hooves) and internal (e.g., organs, blood, and bone) obtained either from live or recently deceased animals. Only papers with at least an abstract available in English were considered. Additionally, the focus was strictly on primary research, excluding reviews or secondary analyses. There are many terms used for bison. While “buffalo” is sometimes used interchangeably with “bison,” papers solely using “buffalo” without clarifying the species were examined to ensure the focus of the paper was on Bison bison or Bison bonasus. If the origin of the term “buffalo” was unclear and could not be definitively identified as referring to bison, the study was excluded from this review. Studies focusing on Cape buffalo (Syncerus caffer), water buffalo (Bubalus spp.), and/or Indian bison/buffalo (Bos gaurus) were not included in this study. Finally, the analysis solely considered raw or uncooked meat tissue samples, eliminating studies that analyzed cooked bison meat. When identifying statistical differences in data reported by researchers cited in the discussion section, P ≤ 0.05 was considered significant. P-values from cited literature were not included in the discussion section, therefore, the use of terms such as “greater” or “lesser” in the discussion section should be considered significant at the P ≤ 0.05 level.




2.2 Search strategy

Three academic databases were searched for this review: PubMed, CAB Abstract, and Web of Science. Filters were applied within each database to limit results to articles published in English and designated as primary research (excluding reviews or meta-analyses).

The core search concepts combined terms related to the target population (“North American bison” OR “European bison”) with the topic of interest (“vitamin* AND mineral* AND tissue*”). Finally, to ensure data accuracy, any studies referencing “water buffalo” were excluded from further analysis. Initial testing, using a few key reference papers for comparison, revealed a significant issue with the use of the term “buffalo”; using the word “buffalo” captured both many irrelevant and relevant studies. Consequently, we developed a tailored search string used for each database, ensuring optimal retrieval of relevant studies while minimizing the inclusion of unwanted “buffalo” references. Table 1 includes the databases utilized, as well as the complete search string used for procurement of articles for the scoping review. Databases and search string for the scoping review covering mineral and vitamin status within tissues of bison. This comprehensive search was conducted on March 1st, 2024.


Table 1 | Databases and search string for a scoping review covering vitamin and mineral concentrations within various tissues in bison.
	Database1
	Interface
	Dates included2



	Cab Abstracts
	CABI
	1969-2023


	PubMed
	NCBI
	1968-2023


	Web of Science Core Collection
	Web of Science
	1940-2023


	Search String (All Databases)3
(“Bison*” OR “American Buffalo*”)AND(“trace minerals” OR “trace element*” OR “macro-element*” OR “microelement*” OR “vitamin*” OR “mineral*” OR “macro-mineral*” OR “micronutrient*” OR “macronutrient*” OR “digest*” OR “calcium” OR “phosphorus” OR “magnesium” OR “potassium” OR “sodium” OR “cobalt” OR “copper” OR “iodine” OR “iron” OR “selenium” OR “zinc” OR “cobalamin”) AND (“require*” OR “stat*” OR “nutrient composition” OR “concentration*” OR “toxcit*” OR “deficien*” OR “nutrient deprivation” OR “ nutri*” OR “supplement*” OR “diet” OR “ingest*” OR “ration*” OR “performance*”)





1 “Peer Reviewed” was applied as a filter on all database searches.

2 Dates were reported by each database’s respective preset year range. Data exclusion was not applied as a filter for all searches.

3Databases include Cab Abstracts, PubMed, and Web of Science Core Collection.






2.3 Article screening

After each search was conducted, all retrieved articles were downloaded and imported into a reference management software (Zotero, Fairfax, VA). Following this, a two-stage screening process was implemented. In the first stage, two researchers independently reviewed all article titles and abstracts, discarding any studies that did not meet the inclusion criteria (Table 2). The population was either North American bison or European bison; “buffalo” with no indication of specific species was excluded. The text had to be original research and be available in English. Articles needed to evaluate mineral or vitamin concentrations in liver, kidney, muscle, blood, hair, bone, or other organs; studies that only evaluated cooked meat were not included. Next, the full texts were screened by both researchers using inclusion and exclusion criteria. Disagreements on article inclusion were resolved through discussion to ensure consensus. Finally, any relevant studies not captured by the database searches and reported via bibliography searches from original database search results were (n = 6) manually added to Zotero, ensuring a comprehensive pool of potential sources for the paper.


Table 2 | Inclusion and exclusion criteria for article screening for the scoping review investigating mineral and vitamin status within tissues in bison.
	Inclusion criteria
	Exclusion criteria



		- Population North American bison AND/OR European bison

	- Original Research

	- Includes mineral AND/OR vitamin concentrations within liver, kidney, muscle, blood, hair, bone, or other organs




		- Population listed as “buffalo” without indication of specific species

	- Abstract AND text not in English

	- Not original research (i.e., reviews)

	- Muscle related articles only about cooked meat














2.4 Data charting and synthesis of results

Data extraction followed a two-step process. First, both reviewers collaboratively defined the key variables of interest to be extracted from the articles, including authors, year of publication, journal, population, sample size, and region of study. Other variables of interest that were recorded were categorized as stated in Table 3. Subsequently, one researcher systematically reviewed each article and extracted the identified variables. All extracted data were then compiled and organized in a Microsoft Excel spreadsheet. To facilitate analysis, the variables were categorized as either predictor or outcome variables. A “predictor” is any variable used to predict the value of another variable, called the “outcome”. Additionally, the number of articles investigating each individual variable was documented. Any duplicate articles were eliminated from the final counts utilizing Zotero software.


Table 3 | Predictor and outcome categories from studies included in analysis (n = 51) for the scoping review.
	
	Category
	Variables investigated



	Predictors
	Species
	European bison (Bison Bonasus) or North American bison (Bison bison)


	Age
	Calves, yearling, adults etc.


	Sex
	Male or Female


	General Nutrition
	Feedlot/confinement, rangeland, supplementation practices, and other feed management


	Presence of Diseases/Conditions
	General health/conditions


	Environmental Impacts
	Season, captive vs. free-ranging, location


	Outcome
	Tissue Type
(Outcome Descriptives)
	Blood (serum or plasma), Liver, Kidney, Muscle, Bone, Hair, Hooves, Horns, Teeth


	Mineral Concentration
	Aluminum (Al), Arsenic (As), Barium (Ba), Beryllium (Be), Calcium (Ca), Cadmium (Cd), Chlorine (Cl), Cobalt (Co), Chromium (Cr), Cesium (Cs), Copper (Cu), Florine (F), Iron (Fe), Mercury (Hg), Potassium (K), Lithium (Li), Magnesium (Mg), Manganese (Mn), Molybdenum (Mo), Sodium (Na), Nickel (Ni), Phosphorus (P), Lead (Pb), Sulfur (S), Antimony (Sb), Selenium (Se), Tin (Sn), Strontium (Sr), Titanium (Ti), Uranium (U), Vanadium (V), Zinc (Zn)


	Vitamin Concentrations
	A, B-complex, C, and E











3 Results



3.1 Characteristics of eligible studies

The initial search across PubMed, CAB Abstract, and Web of Science yielded a total of 1,039 articles. Duplicates were eliminated (n = 108) utilizing Zotero software. During title screening, 872 articles were excluded due to titles indicating irrelevance to the topic or the population of interest. An additional 13 articles were removed after abstract and full-text screening based upon not sampling correct tissue types, not investigating vitamin and mineral concentrations, not a primary research study, or not available in English. To ensure comprehensiveness, 6 relevant studies identified through other means (e.g., reference lists) were manually added. This selection process resulted in a final population of 51 articles deemed suitable for the objective of this scoping review. A flow diagram outlines in the search results (Figure 1).

[image: Flowchart illustrating the identification and screening process of studies via databases. It starts with 1,039 records identified: 221 from CAB Abstracts, 576 from PubMed, 242 from Web of Science. After removing 108 duplicates, 931 records are screened. Titles are excluded, leaving 34 reports for retrieval; 3 are not retrieved. Six reports are found post-search, with 62 assessed for eligibility. Eleven reports are excluded due to irrelevant topics or criteria, resulting in 51 final reports included in the review.]
Figure 1 | PRIMSA flow diagram outlining the identification and inclusion of articles representing mineral and vitamin status within tissues of bison. Flow chart modified from the PRIMSA 2020 Statement (Page et al., 2021).

The studies originated from diverse geographic locations, with a concentration in Poland (n =26), particularly the Białowieża Forest (n = 24). The United States (n = 18) also contributed a notable portion of studies, with representation from various states such as South Dakota (n = 7), Wyoming (n = 5), and Michigan (n = 5). Canada (n = 8) was another source, with studies from Alberta (n = 3) and other provinces. Publication dates ranged from 1975 to 2023, with a trend of studies from Europe collecting data during the winter months due to opportunistic herd culling of European bison.

Sample sizes in studies varied, ranging from 3 to 257 bison, with an average of approximately 72 animals per study. However, three studies did not report final sample numbers and one study provided data on bison cuts instead of whole animals. The study population identified a near-equal split between studies on European bison (n = 27) and North American bison (n = 25). This distribution mirrored the geographic spread, with European bison studies concentrated in Poland and Spain, and North American bison studies in the US and Canada.

Management practices varied across studies. Seven studies investigated both free-range and captive bison, while 27 studies focused on only free-range bison and 16 focused on captive/privately owned bison. Two studies did not specify the management type. The age of bison within studies was also varied, with a reported range of less than 1 year to 25 years of age. Calves (under 1 year) were included in 12 studies, while studies on bison aged 1–3 years (n = 38) and older than 3 years (n = 21) represented the majority of studies. However, 12 studies lacked age data.

Sex distribution within studies revealed a greater concentration focused on mixed-sex groups (n = 32). Ten studies focused solely on bulls, while only one study investigated solely females. The sex of the bison was not reported in 9 studies.

The studies offered a variety of dietary information. The most common diet category was “woodlands” (n = 26), encompassing elements such as moss, coniferous trees, root vegetables, and supplemental hay. Additionally, studies documented full concentrate diets with minimal forage (n = 13), rangeland grazing with minimal supplementation (n = 15), and diets with unreported composition (n = 2). One outlier study reported a mixed vegetable diet.




3.2 Predictors

A descriptive summary of predictors within each category of included studies was recorded and is displayed in Figure 2. Age (n = 37) and sex (n = 42) were the highly reported categories due to these factors contributing to mineral and/or vitamin baseline status. Studies also largely investigated diet or feed management (n = 49) and their subsequent mineral and vitamin concentrations within tissues due to diet being highly correlated with mineral and vitamin metabolism. Diet and feed are also very connected with whether the animals were captive or free-range.

[image: Bar chart showing the number of articles for different predictor variable categories. External Environment has 50, Nutrition 49, Age 37, Sex 32, and Health/Disease 6 articles.]
Figure 2 | Number of studies per each predictor category comprised in the final scoping review analysis out of the total collection (n = 51). Several studies conveyed multiple factors within each category, therefore the total number of variables reported in each category represent more than total studies contained in the analysis.1.




3.3 Outcomes

After evaluating the 51 studies, 2 outcome groups were categorized: mineral concentrations and vitamin concentrations. Figure 3 demonstrates the division by tissue type for the studies within the scoping review. Figure 4 displays the distribution of minerals and vitamins analyzed in studies of interest for the review.

[image: Horizontal bar chart showing the number of articles for different tissues of interest. Muscle leads with 21 articles, followed by Blood with 19, Liver with 18, Hair with 13, Kidney with 12, Bone (including Horns & Teeth) with 9, and Hoof with 8.]
Figure 3 | Number of studies per each outcome category of tissue of interest in the final scoping review analysis (n = 51). Several studies reported multiple outcomes within each category, therefore the total number of variables reported in each category represents more than total studies included in the analysis.1.

[image: Bar chart showing the number of articles related to various nutrients. Calcium (22), phosphorus (19), sodium (17), selenium (13), potassium (15), zinc (10) are the most covered. Other nutrients include magnesium (15), iron (12), manganese (12), copper (11), vitamin E (7), vitamin B-Complex (6), cadmium (5), vitamin A (5), among others with less coverage.]
Figure 4 | Number of studies per each outcome variable of nutrient of interest (mineral or vitamin) in the final scoping review analysis (n=51). Several studies reported multiple outcomes within each category, therefore the total number of variables reported in each category represents more than total studies included in the analysis.1.





4 Discussion



4.1 Factors and outcomes

The scoping review revealed that the majority of studies centered on the topics of nutrition and external environment (i.e., management practices) in bison populations (Dębska et al., 2006a, b, Kosla et al., 2011; Marchello et al., 1998; Sikarskie et al., 1990). This focus is likely due to the well-established link between an individual’s physiological status and its capacity for nutrient intake and forage utilization (Hawley and Peden, 1982). Research related to sex and age was the next most studied area, frequently overlapping with investigations into nutrition and management (Kosla et al., 2010; Peinado et al., 1999; Vestweber et al., 1991). Such studies highlight the interconnectedness of these factors, as age and sex are known to influence nutritional requirements, growth rates, and reproductive behaviors in bison (Church, 1988).

In contrast, health was identified as the least researched domain among the articles included in this review (Dębska et al., 2005; Klich et al., 2021; Rhodes et al., 2018; Wolk and Krasinska, 2004). The limited focus on health-related factors may be attributable to the challenges associating health condition with bison mineral and vitamin status. These elements are critical to overall health but remain understudied, likely due to the complexities involved in measuring their bioavailability and interactions within the bison’s unique physiology (Klich et al., 2021; Dębska et al., 2005). This gap in the literature suggests that future research exploring health-related variables could provide valuable insights, particularly in the context of improving conservation and management practices.




4.2 Factor and outcome relationships

The remainder of the discussion section is structured to examine mineral and vitamin concentrations across different tissues and their associations with relevant predictors as reported in included studies. Each section is organized by mineral or vitamin outcome and then is sub-sectioned by the main predictor of interest within the study. Within each mineral or vitamin category, tissue type outcomes are discussed in detail. Additionally, given that many studies included in this review rely on cattle reference ranges for comparative purposes, these comparisons are incorporated where applicable.




4.3 Minerals



4.3.1 Calcium and Phosphorus



4.3.1.1 Sex

Notably, calcium (Ca) and phosphorus (P) (typically reported as total Ca and P) concentrations in male and female bison did not differ in many of the studies. In general, Ca and P tissue concentrations of bison are rarely impacted by sex. For example, Zaugg et al. (1993) and Wołk and Józefczak (1988) both reported no differences in serum Ca concentrations between males and females in North American bison and European bison, respectively and similarly with concentrations of P. Comparable results were observed by Wolk and Krasinska (2004) and Wolf et al. (2004), with no sex differences in healthy European bison. Additionally, studies investigating Ca concentrations in various tissues also showed no differences between sexes (Kośla et al., 2010). When investigating hair concentrations of P in European bison, authors reported no difference in concentrations between sexes (Kosla et al., 2011). Witkowska and Kotik (1987) also reported no differences in P concentrations (inorganic P and total P) in longissimus muscle tissues between sexes of European bison. However, more recent research by Klich et al. (2021, 2023) noted that males have a tendency to have greater Ca concentrations in the liver compared to females. The authors hypothesized that this is possibly due to the increased Ca demand in females during lactation. These variations underscore the complexity of Ca metabolism in bison and indicate that while sex may not always be a critical factor, certain physiological states, such as milk production, could influence Ca distribution in females. Interestingly, meat cuts from North American bison bulls and heifers showed differences in Ca content within individual cuts, but no overarching sex differences for similar cuts (Galbraith et al., 2006). These findings collectively suggest that sex does not play a key role in influencing Ca and P concentrations across tissues and species, with any observed differences likely attributable to external factors rather than intrinsic sex differences.




4.3.1.2 Age

Calcium status across different ages of bison revealed varied findings, with most studies indicating no differences across ages, while P concentrations appear to be strongly influenced by age across several studies within this review, mostly attributed to the physiological demands associated with growth and development. For instance, Zaugg et al. (1993) reported greater serum P concentrations in calves (9.62 mg/dl) compared to bulls (8.38 mg/dl) and cows (5.5 mg/dl). Wołk and Józefczak (1988) observed that P concentrations decreased with age in European bison, with younger animals under two years old having greater inorganic P concentrations (3.5 mg/dl) than adults (2.8 mg/dl), a pattern echoed by Vestweber et al. (1991) in North American bison. Marler (1975) reported no difference in serum Ca concentrations between North American bison under 2 years (11.0 mg/dl) and those over 2 years (10.6 mg/dl). Similarly, a study on European bison by Wolk and Krasinska (2004) reported no age-based differences in ionized Ca concentrations across groups less than 1 year, 1–4 years, and over 4 years. However, there were some notable age-related patterns; Wolf et al. (2004) observed a difference in the Ca-to-K ratio between European bison calves (1.2) and adults (1.00) but no variation in serum P. Peinado et al. (1999) also reported no variation in serum P between calves and adult bison in their study. Vestweber et al. (1991) reported a decrease in serum Ca with advancing age in North American bison from 6 months to 23 months. Kośla et al. (2010) reported no difference in Ca concentrations across tissues (liver, kidney, rib, muscle, hair, hoof) between European bison under and over 1 year of age, except for muscle, where older bison had greater concentrations. Additionally, Dębska et al. (2006a) reported no Ca differences in hair, serum, liver, or kidney between European bison calves, youth, and adults, but reported a decrease in serum, hair, and kidney P concentrations with age. However, age differences in muscle P concentrations were observed by Witkowska and Kotik (1987), where younger European bison showed greater P content in Longissimus dorsi muscle. When authors also compared these values to beef cattle values, hair Ca concentrations were notably lower than those reported for beef cattle. Overall, these findings suggest that while Ca concentrations remain consistent across ages, specific physiological demands, such as growth or muscle development, may influence Ca distribution in certain tissues.




4.3.1.3 Nutrition

Studies investigating the relationship between nutrition and Ca and P status in bison focused largely on grass-fed versus grain-fed animals. Marchello and Driskell (2001) reported no difference in Ca content between grass- and grain-finished North American bison meat, but discovered that grass-finished North American bison P concentrations varied among cuts, with the top sirloin and top round containing greater amounts than ribeye cuts. Similarly, Marchello et al. (1989, 1998) reported Ca concentrations of 4.0-6.0 mg/100g wet weight in grain-fed North American bison. Further, Marchello et al. (1998) investigated North American bison fed concentrate diets, finding difference in P concentrations among cuts of ribeye, sirloin, top round, and clod. Dębska et al. (2006b) observed that captive European bison had greater serum Ca, hair Ca, and hair P concentrations compared to free-range counterparts, indicating for the authors that natural forage may offer more bioavailable Ca. Contradictory, Wolk and Krasinska (2004) speculated that their discovery of low Ca serum concentrations in European bison during winter might be due to Ca-deficient fodder in the Białowieża forest, a key habitat for European bison in Poland. Kośla (1993) also noted lower serum Ca concentrations in European bison compared to cattle despite appropriate fodder content, but both serum and hair concentrations of P results were within recommended ranges for ruminants. Additionally, Keith et al. (1978) reported no difference in serum Ca or P between North American bison fed high- and low-energy/nitrogen diets. Hawley and Peden (1982) further noted that in North American bison, P concentrations in serum increased with greater crude protein content in the diet and decreased with greater dietary energy concentrations, with bison consistently having greater serum P concentrations than cattle. Overall, while nutrition plays a role in Ca and P concentrations, most studies reported inconsistent results between feeding types.




4.3.1.4 Health and disease

Studies investigating the relationship between health conditions and Ca status in bison reveal few differences in Ca concentrations between healthy and diseased animals, with balanoposthitis being one of the most researched diseases reported in the review. Miller et al. (1989) reported no significant difference in serum Ca and P concentrations in North American bison compared to the cattle average reported in the study, and no variation between treatment groups for tuberculosis. The P and Ca concentrations in these bison fell within the reference ranges for cattle. Similarly, Wolk and Krasinska (2004) reported no significant difference in Ca concentrations between posthitis-affected European bison males and healthy counterparts. Wolf et al. (2004) also reported no significant Ca or P serum concentrations disparity between healthy European bison males and those with balanoposthitis. Dębska et al. (2005) noted that while Ca concentrations in bison with balanoposthitis were lower than cattle reference values, the difference between healthy and affected bison were not different for either Ca or P concentrations. Both values were within the reference ranges for cattle, reinforcing that common diseases did not significantly disrupt Ca or P homeostasis in bison. Investigating other diseases, Marczuk et al. (2015) reported no significant difference in serum P and Ca concentrations in European bison with chronic liver flukes compared to unaffected animals. Moreover, liver Ca concentrations showed no associations with comorbidities in European bison (Klich et al., 2023). Overall, the research suggests that certain disease conditions do not impact Ca concentrations in bison, with most findings showing minor variation between healthy and diseased individuals for both P and Ca concentrations.




4.3.1.5 External environment

Research on captive animals (versus free-range animals) shows that environmental conditions studied do not often result in differences in Ca concentrations, but do show differences of concentrations of P. Sikarskie et al. (1990) reported no difference in serum Ca concentrations between captive and free-range North American bison; however, observed a notable difference in serum P concentrations with captive bison having an average concentration of 6.5 mg/dl compared to 4.37 mg/dl in free-range bison. The authors attributed this difference to variations in protein intake and highlighted how management practices and nutrition can impact P status. For example, phytate in grain is known to bind P and reduce P availability and to some extent the availability of Zn in grazing herbivores. Although ruminants are thought to be less sensitive to phytate due to phytase activity provided by the rumen microorganisms, limited information is available regarding the phytase activity in the rumen of bison. Therefore, bison fed in captivity receiving, greater amounts of grain compared to grazing bison, may need an alternative management plan to ensure optimal mineral nutrition. Furthermore, site-specific variations in bison populations have been observed by Klich et al. (2021), reporting that European bison living in the Bieszczady Mountains had greater liver Ca concentrations as compared to a variety of other sites in Poland. The authors speculated this is potentially due to elevated Ca concentrations in mountainous water sources. Additionally, Dębska et al. (2006b) reported greater serum and hair Ca concentrations in captive European bison compared to free-range animals, though all values were below reference concentrations for cattle. Geographic differences between North American bison populations were also noted by Brzuski et al. (2010), who reported lower serum Ca concentrations in North American bison imported into Poland beginning in the early 2000’s compared to US North American bison, possibly due to limited pastureland variability or insufficient dietary supplementation in Poland. Witkowska and Kotik (1987) reported that P concentrations in muscle tissue varied due to external conditions such as time, year, and severity of environmental factors, suggesting that these variables play a critical role beyond just dietary influences. Hawley and Peden (1982) similarly reported that serum P concentrations in juvenile bison from Wood Buffalo National Park were greater in deceased individuals compared to live juveniles. Although the bison sampled were from the same geographic location, this study highlights the importance of the timing of collection, as it can significantly impact serum P concentrations. These findings suggest that while management and geo-location may influence Ca and P concentrations in bison, the differences are often subtle and may depend on specific and compounding environmental factors such as water mineral content, seasonality, and/or nutrition of available feedstuffs.





4.3.2 Sodium and Potassium



4.3.2.1 Sex

Multiple studies present varying results across different animal populations when investigating the effects of sex on sodium (Na) and potassium (K) concentrations. Zaugg et al. (1993) examined free-ranging North American bison in Yellowstone and reported that bulls had greater serum K concentrations compared to cows. These K concentrations were notably greater than those reported in other bison studies, which the researchers attributed to the momentary stress (handling of animals) temporarily affecting serum K concentrations, making it difficult to determine whether the differences between sexes are physiological or situational. However, they reported no differences in serum Na concentrations between male and female bison. Similarly, Wolk and Krasinska (2004) and Kosla et al. (2015) reported no sex differences in serum Na concentrations among European bison from the Białowieża Forest. The study from Kosla et al. (2015) did find correlations between Na and K concentrations in various organs, indicating complex interactions between these electrolytes. In contrast, Galbraith et al. (2006) identified differences in Na concentrations across different cuts of North American bison meat, with bulls showing greater Na concentrations in the bottom round and heifers in the clod and sirloin. Durkalec et al. (2018) further demonstrated sex differences in European bison liver Na concentrations. Likewise, Klich et al. (2021) analyzed liver concentrations of K and reported that female European bison had greater concentrations than males. These findings suggest that while sex may not always play a role in Na and K concentrations, certain contexts, such as tissue type or sampling methods may reveal differences between observed concentrations. Further studies controlling for stressors would be needed to better understand the inherent sex-related differences in K status in bison.




4.3.2.2 Age

The impact of age on Na concentrations in bison is variable across different studies and tissues. Several studies report no age-related differences in serum Na concentrations. For example, Wolk and Krasinska (2004) reported no difference in European bison Na concentrations, but reported an age-related decline in serum K, with < 1-year-old bison at 9.42 mmol/l, 1–4 years at 8.65 mmol/l, and adults over 4 years at 7.68 mmol/l. Sikarskie et al. (1990) similarly observed no difference in captive North American bison calf and adult serum concentrations of K or Na. Peinado et al. (1999) also reported no difference between adult and young European bison serum Na concentrations. However, some studies suggest that Na concentrations can vary with age in specific contexts. Vestweber et al. (1991) reported greater Na concentrations in North American bison calves compared to those aged 7–23 months and older bison, the authors suggesting that younger bison may retain more Na. However, the authors reported no differences for K concentrations across age. Similarly, Kosla et al. (2015) reported age-dependent differences in K but not Na concentrations in tissues, with variations in rib K between younger and older European bison. Other tissues like liver and kidney had minor differences for both K and Na concentrations. Dębska et al. (2006a) also identified differences in kidney Na concentrations across age groups in European bison, with calves exhibiting lower concentrations than adults. In free-ranging Yellowstone North American bison, Zaugg et al. (1993) reported serum K concentrations in adults ranging from 5.8 - 31.5 mmol/l and in calves from 8.1 - 19.4 mmol/l. These findings suggest that while age may not influence Na and K concentrations in serum, certain tissues, such as hair and kidneys, may have age-related differences.




4.3.2.3 Nutrition

The effect of nutrition on Na concentrations in bison differs depending on the specific tissues and dietary conditions studied. Marchello and Driskell (2001) reported no differences in Na concentrations between grass-fed and grain-fed North American bison in raw lean cuts. However, they did observe differences in Na content across various cuts of meat, with the ribeye and clod showing greater Na concentrations compared to the top round. Conversely, studies focusing on diet and serum Na concentrations showed little impact of nutrition. Keith et al. (1978) reported no difference in serum Na concentrations between North American bison fed high- and low-energy/nitrogen diets, suggesting that dietary variations in energy and nitrogen do not strongly influence Na concentrations in the serum. It was reported that bison on the high-energy diet had serum K concentrations ranging from 5.2 to 4.2 mmol/l, while those on the low-energy diet had slightly lower K concentrations, ranging from 4.6 to 4.4 mmol/l. However, Kośla (1993) reported that European bison feeding on forage low in Na had relatively high Na concentrations in their hair, indicating that dietary supplementation, such as hay, likely helped compensate for low natural Na intake. Dębska et al. (2006b) further observed that European bison had lower Na concentrations in both free-range and captive diets than recommended by NRC guidelines, yet hair Na concentrations were greater in captive animals compared to free-range ones, suggested by authors that Na intake in captivity may be greater. Differences in Na content across tissues, particularly in hair and certain cuts of meat, highlight the role that diet may play in specific contexts, such as mineral access or in response to dietary supplementation.




4.3.2.4 Health and disease

The impact of Na on the health of bison, particularly European bison, appears to be minimal in terms of mineral deficiencies and overall health status based on current available literature. Durkalec et al. (2018) investigated Na deficiencies in European bison and reported no differences in liver Na concentrations between captive and free-ranging animals, with concentrations remaining above the standard reference of 800 mg/kg wet weight. This suggests that Na deficiency is not a common health issue in either population. Additionally, Dębska et al. (2005) analyzed serum Na and K concentrations between European bison balanoposthitis-positive bison and healthy individuals. Researchers reported concentrations to be within the healthy range based on cattle reference standards with no differences between healthy animals and those diagnosed with balanoposthitis. Similarly, Wolk and Krasinska (2004) reported no difference in serum K concentrations between males diagnosed with balanoposthitis and healthy individuals. However, the study noted that elevated K concentrations, or hyperkalemia, can be associated with various health issues such as kidney disorders, pneumonia, pleurisy, and acute pancreatitis. Among the examined animals, kidney cysts were present in 18 out of 102 bison, and many were diagnosed with pulmonary helminthiasis, pneumonia, or bronchitis, often due to parasitic infections. These findings indicate that Na and K concentrations in both liver and serum are generally adequate and stable, regardless of health conditions or captivity status, suggesting that Na imbalances are not a significant factor in bison health, but further research is needed to fully understand the role of K in disease pathology in bison.




4.3.2.5 External environment

Sodium concentrations in bison appear to be minimally affected by environmental factors such as geologic location and general management practices, with most studies reporting no differences across various conditions. Sikarskie et al. (1990) reported greater serum K concentrations in free-range North American bison from South Dakota compared to captive North American bison in Michigan but reported no difference in serum Na concentrations. Similarly, Marchello et al. (1989) reported no differences in Na content between North American bison and beef in the longissimus muscle or across different cuts of bison meat, with Na concentrations remaining consistent across samples. Dębska et al. (2006b) reported that captive European bison had greater serum and hair K concentrations compared to free-range bison. The greater K concentrations in captive bison were likely due to supplemented feed, which provided more available K than the natural forage consumed by free-range animals. However, variations in Na concentrations by geologic location were observed in European bison. Klich et al. (2021) reported that Na concentrations in European bison varied by site location in Poland, with bison from Knysynska Forest having lower Na concentrations than those from Białowieża, Borecka, and Bieszczady regions. Potassium concentrations varied based on animal origin as well, with serum K concentrations differing across most regions in Poland, except for those from the Knysynska and Białowieża forests where no differences were observed. This suggests that local environmental factors, such as soil composition or forage quality, might influence Na availability in certain areas. Despite this, Klich et al. (2023) reported no difference in liver Na concentrations between bison from enclosed and free-range environments or between different sites (Białowieża and Smardzewice), indicating that enclosure or geographic site might not strongly impact internal Na concentrations in European bison. Overall, Na concentrations in bison are relatively stable across management systems, though some regional variations may occur for both K and Na due to local environmental conditions, as well as free-range animals possibly having greater K variations. One challenge in comparing Na and K status in grazing and captive bison is that in certain grazing situations, supplemental forage and salt are provided during the winter months in some studies, making it difficult to determine Na and K intake.





4.3.3 Magnesium



4.3.3.1 Sex

Studies investigating magnesium (Mg) status in bison across different sexes generally report minimal differences between males and females. In free-ranging European bison from the Białowieża Forest, Kosla et al. (2011) reported no sex difference in Mg concentrations in hair. Similarly, Durkalec et al. (2018) reported no sex-based differences in hepatic Mg concentrations. Although no direct link was reported between sex and Mg concentrations in the liver, the study did note positive relationships between Co and Mg, as well as negative correlations between Mg and Na. However, Klich et al. (2023) observed that females consistently had numerically lower hepatic concentrations of several elements, including Mg, compared to males, though the numerical differences were not statistically different for Mg alone. Furthermore, Klich et al. (2021) reported no correlation between Mg and other studied factors, such as sex or environmental conditions, in their examination of hepatic trace elements. Overall, while there are some observed trends of lower Mg concentrations in females, the differences are generally not significant, and Mg appears to be consistent across sexes in both hair and liver tissues.




4.3.3.2 Age

The effects of age on Mg status in bison show varied results across different tissues and age groups, with differences observed in some tissues but not others. For North American bison, Sikarskie et al. (1990) reported no difference in serum Mg concentrations between calves and adults. However, in European bison, Kosla et al. (2012) reported age-related differences in both hair and hoof Mg concentrations, with calves having greater Mg concentrations in hair and hoof compared to adults, while other tissues like muscle, liver, and kidney showed no significant variations. Similarly, Dębska et al. (2006a) reported differences in Mg concentrations in serum, hair, and liver across age groups, with calves having greater serum Mg, hair Mg and liver Mg compared to adults, whose concentrations were lower in all three tissues. However, no differences were observed in kidney Mg concentrations across ages. In contrast, Kosla et al. (2011) reported no age-related differences in Mg concentrations in hair among free-ranging European bison. Furthermore, Klich et al. (2021) observed no correlation between Mg and age or other factors in hepatic Mg concentrations. Overall, while some tissues, particularly hair and liver, exhibit age-related differences in Mg concentrations, others, like serum and kidney, show minimal variation, indicating that Mg distribution may vary with age depending on the tissue type.




4.3.3.3 Nutrition

Research analyzing the effects of nutrition on Mg status in bison revealed both subtle differences based on diet type and differences across different meat cuts. Marchello and Driskell (2001) reported that grass-finished North American bison had slightly greater Mg concentrations compared to grain-finished bison. Among grass-finished bison cuts, the ribeye had lower Mg concentrations compared to the top sirloin and top round. In European bison, Kośla (1993) analyzed the Mg content of the diet, including grasses, forbs, and supplemented hay, and reported it inadequate for the herd’s nutritional needs based on cattle and bison references. Although European bison serum Mg concentrations fell within cattle reference ranges, hair Mg concentrations were lower than those of black and brown cattle. Furthermore, Dębska et al. (2006b) observed that free-range European bison had greater serum Mg concentrations than captive bison, suggesting that natural forage might better meet Mg requirements than supplemented diets, especially as high potassium (K) in captive diets may negatively correlate with Mg absorption.

When investigating meat concentrations of Mg, Marchello et al. (1998) reported differences among grain-fed North American bison cuts, with clod showing lower Mg concentrations than ribeye, top sirloin, and top round (23.3 vs. 24.1, 24.5, and 24.8, mg/100 g wet weight, respectively). Overall, while nutritional conditions influence Mg concentrations in bison, variations in dietary sources, such as natural forage versus supplemented feed, play a key role in determining Mg status.




4.3.3.4 Health and disease

In the studies included, there were no Mg concentration differences between healthy and diseased individuals. In European bison euthanized in Poland due to clinical signs of illness, Klich et al. (2023) reported no difference in hepatic Mg concentrations between individuals with observed clinical signs or comorbidities. This suggests that in these instances illness did not substantially affect Mg storage in the liver. Similarly, Dębska et al. (2005) reported no difference in serum Mg concentrations between healthy European bison and those diagnosed with balanoposthitis, with both values falling within cattle reference ranges. These findings indicate that Mg concentrations in both the liver and serum remain stable regardless of disease presence, highlighting that Mg status is not a reliable biomarker for diagnosing or assessing health conditions in bison. The stability of Mg concentrations across different health status suggests that other elements or factors may be more sensitive indicators of disease in bison populations.




4.3.3.5 External environment

Sikarskie et al. (1990) reported no difference in serum Mg concentrations between captive North American bison in Michigan and free-range bison in South Dakota. Similarly, Durkalec et al. (2018) reported no difference in liver Mg concentrations in European bison based on management style, with captive herds having Mg concentrations of 92.42–184.19 mg/kg wet weight and free-ranging herds showing concentrations of 96.82–169.72 mg/kg wet weight. However, Dębska et al. (2006b) reported a difference in serum Mg concentrations between captive and free-ranging European bison, although hair Mg concentrations showed no variation between management types. In terms of site differences, Durkalec et al. (2018) noted no variation in liver Mg concentrations between European bison populations in different regions, such as Białowieża and Smardzewice. Marczuk et al. (2015) also observed that European bison had greater serum Mg concentrations than dairy cattle in the same region, but no difference compared to sheep, with the presence of liver flukes having no effect on Mg concentrations. Lastly, Marchello et al. (1989) reported that North American bison had greater Mg concentrations in lean muscle compared to beef cattle. Overall, while management and geographic factors show minimal effects on Mg concentrations, captive European bison tend to have lower serum Mg compared to their free-ranging counterparts.





4.3.4 Selenium



4.3.4.1 Sex

Studies investigating selenium (Se) status in bison across different sexes indicate minimal differences between males and females in Se concentrations across various tissues. In North American bison, Medeiros et al. (1993) reported no interaction between sex and Se concentrations in muscle samples. European bison research by Kosla et al. (2019) also revealed no sex-based differences in Se concentrations, with male and female hair Se concentrations being 0.140 μg/g and 0.134 μg/g dry weight, respectively. Similarly, Se concentrations in the liver and kidneys showed no sex-related variation. Durkalec et al. (2018) further confirmed this, reporting no differences in liver Se concentrations between females and males. Overall, these findings suggest that Se distribution in bison, whether in muscle, liver, kidney, or hair, does not differ by sex.




4.3.4.2 Age

Among the studies evaluating Se status in bison, only one paper addressed age differences. Kosla et al. (2019) reported that Se concentrations in the hair of European bison were numerically greater in calves (up to 1 year of age) at 0.142 μg/g dry weight compared to individuals over 2 years of age (0.126 μg/g). Similarly, Se concentrations in the kidneys were within reference ranges for cattle but lower than those reported for free-range and experimental animals, suggesting that the bison population studied may have been Se deficient. Overall, the limited focus on age in existing literature suggests a need for further research to understand how Se status may vary across different life stages of bison.




4.3.4.3 Nutrition

Selenium status in bison across different diets reveal notable differences influenced by regional soil Se concentrations and feeding practices. Medeiros et al. (1993) reported that North American bison had greater Se concentrations in muscle samples compared to cattle, with the high Se content linked to forage grown on Se-rich soils. Driskell et al. (1997) explored Se concentrations in various bison muscle cuts (clod: 26.356 μg/g, ribeye: 23.238 μg/g, top round: 27.204 μg/g, top sirloin: 25.059 μg/g) and reported that individual bulls had varying Se concentrations, with bulls from Se-rich areas like North Dakota having greater Se concentrations. This study emphasized that bison meat, especially from Se-rich areas, could serve as a rich source of Se.

Research by Marchello et al. (1998) reported no Se differences between bison cuts from animals fed concentrate diets. Driskell et al. (2004) reported no difference in Se concentrations between grain-finished and grass-finished North American bison bulls, though Se concentrations in ribeye were slightly greater in grain-finished animals. Marchello and Driskell (2001) noted that grass-finished bison had four times greater Se content in their meat compared to grain-finished bison, highlighting that Se content in bison meat is largely dependent on dietary sources, such as grass versus grain.





4.3.4.4 Health and disease

Schillhorn van Veen et al. (1991) reported that North American bison (n = 2) from Michigan, some of which died from suspected organophosphate poisoning, had liver Se concentrations lower than cattle reference ranges. One bison showed mild fatty infiltration in the liver and brain lesions, while others displayed no pathophysiological changes. Similarly, Rhodes et al. (2018) reported elevated Se concentrations in the liver of euthanized North American bison, with concurrent Cu deficiency likely contributing to increased Se absorption, further suggesting that mineral imbalances can exacerbate health issues. In European bison, Klich et al. (2023) identified that liver Se concentrations were greater in bison with more numerous comorbidities, such as lung pneumonia. Despite the increased Se concentrations, these animals still showed overall Se deficiency based on cattle reference values, which, along with Cu deficiency, likely contributed to their deteriorating health. Additionally, Dębska et al. (2005) reported no difference in serum Se concentrations between European bison with balanoposthitis and healthy individuals, though both values were lower than cattle references. The findings highlight the critical role of Se and other trace minerals like Cu in maintaining bison health, with deficiencies potentially leading to severe health consequences.




4.3.4.5 External environment

Selenium status in bison across different environmental and management conditions highlight significant variations depending on geographic location and management practices. Sikarskie et al. (1990) reported that North American bison from South Dakota had greater serum Se concentrations compared to those from Michigan, despite the Michigan bison receiving Se supplements and injections. Similarly, MacNeil et al. (1990) reported that North American bison from Wood Buffalo National Park had deficient liver Se concentrations and marginal kidney Se concentrations, while captive bison had Se concentrations within normal cattle reference ranges, with liver and kidney Se concentrations deemed adequate. In European bison, Klich et al. (2021) reported that animals from the Bieszczady region in Poland had greater liver Se concentrations compared to other sites, likely due to greater soil Se concentrations or better forage uptake. They also observed a strong correlation between Se and Cd concentrations. However, other studies, such as Durkalec et al. (2018), noted no differences in liver Se concentrations between European bison from different sites, such as Białowieża and Smardzewice, or between enclosed and free-range bison, though all animals sampled were reported to be Se deficient based on previous literature. Additionally, Clemens et al. (1987) reported that captive North American bison had serum Se concentrations similar to white-tailed deer but not pronghorn antelope in the same environment. Overall, these studies suggest that environmental factors like soil Se content and management practices influence Se status in bison, with some populations showing deficiencies despite supplementation efforts.





4.3.5 Manganese



4.3.5.1 Sex

Studies examining manganese (Mn) status in bison across different sexes generally show minimal differences between males and females, although some variations have been noted. Skibniewski et al. (2010) reported no sex-based differences in Mn concentrations in European bison from the Białowieża Primeval Forest across various tissues, including the liver, kidney, and hair. However, female European bison had slightly greater Mn concentrations in hair compared to males, while males had greater Mn concentrations in the hoof than females. In contrast, Klich et al. (2023) reported differences in liver Mn concentrations between sexes in European bison from Poland, while an earlier study by the same author (Klich et al., 2021) reported no relationship between sex and Mn concentrations in the liver. Similarly, Durkalec et al. (2018) observed no differences in liver Mn concentrations between female and male European bison in Poland. These findings suggest that while some minor variations in Mn concentrations may occur between sexes, concentrations are generally not different across sex classes.




4.3.5.2 Age

No reported articles in this review covered the effect of age on the concentrations of Mn.




4.3.5.3 Nutrition

Research highlights minimal differences between grass- and grain-finished diets, but significant variations in Mn concentrations between different cuts of meat and comparisons with beef. Marchello and Driskell (2001) reported no difference in Mn concentrations between grass-finished and grain-finished North American bison, with grass-finished meat showing Mn concentrations of 11.5 μg/100g wet weight and grain-finished meat at 13.4 μg/100g wet weight. However, among grass-finished bison cuts, Mn concentrations varied slightly, with the clod containing the greatest Mn concentrations and top round the lowest. Marchello et al. (1998) also observed that different bison muscle cuts had varying Mn concentrations, with sirloin greater than ribeye and top round. Comparatively, bison meat contains lower Mn than beef, with Marchello et al. (1989) reporting Mn concentrations of 0.007 mg/100g wet weight in bison and 0.013 mg/100g wet weight in beef.




4.3.5.4 Health and disease

The scoping review identified only one study investigating the relationship between health conditions and Mn status in bison, specifically focusing on European bison with balanoposthitis. In this study, Dębska et al. (2005) measured serum Mn concentrations in both healthy and balanoposthitis-diagnosed European bison, finding no difference between the two groups, with both having Mn concentrations of 0.12 μmol/l. Future work is needed to evaluate disease impacts on tissue Mn concentrations in bison.





4.3.5.5 External environment

Studies investigating Mn status in bison across different management environments and locations reveal notable variations depending on habitat and management conditions. MacNeil et al. (1990) compared Mn concentrations in liver and kidney tissues of North American bison from Wood Buffalo National Park and a game ranch, finding that the game ranch bison had greater Mn concentrations in both the liver and kidney compared to bison from Wood Buffalo National Park. Based on cattle nutritional standards, the game ranch bison were classified as having adequate Mn concentrations, while those from Wood Buffalo were marginal. In Poland, however, Mn concentrations showed no relation to site location. Klich et al. (2021) reported no differences in Mn concentrations across various locations, while Durkalec et al. (2018) observed no difference between European bison from Białowieża and Smardzewice (Mn liver concentrations: 0.240-4.35 mg/kg wet weight in Białowieża versus 2.4-3.34 mg/kg wet weight in Smardzewice). In terms of management conditions, Durkalec et al. (2018) reported different Mn concentrations between free-range and captive European bison, with Mn deficiencies more prevalent in free-range animals (37%) compared to captive ones (20%). The study further suggested that liver tissue may not be a reliable indicator of Mn deficiency and recommended measuring Mn concentrations in heart muscle or plasma for a more accurate assessment of Mn status in bison. These findings emphasize the influence of environmental and management factors on Mn concentrations, particularly with more deficiencies observed in free-range populations.





4.3.6 Iron



4.3.6.1 Sex

Research in iron (Fe) status in bison across different sexes show minimal differences between males and females. In Yellowstone, Zaugg et al. (1993) reported that serum Fe concentrations had no sex-based differences. Similarly, research by Kosla et al. (2013) on European bison reported no differences in Fe content across various tissues, including the liver, kidney, muscle, rib, and hoof, despite slightly greater Fe concentrations in females across most tissues, such as the liver and kidney. In contrast, male European bison had greater Fe concentrations in the hoof compared to females. Hair Fe concentrations also showed no difference between sexes (Kosla et al., 2011). Klich et al. (2021) also reported no sex-based relationship in hepatic Fe concentrations across different European bison sites in Poland. In terms of meat cuts, Galbraith et al. (2006) observed that sirloin had the greatest Fe concentration in bulls, with differences between specific cuts, such as bottom roll and clod. In heifers, the clod and sirloin Fe concentrations were also different. Overall, while some tissue-specific variations exist, sex does not appear to influence Fe status in bison within the articles reviewed.




4.3.6.2 Age

In North American bison from Yellowstone, Zaugg et al. (1993) reported that serum Fe concentrations were generally greater in calves compared to adults; the authors suggested that younger bison may have greater circulating Fe concentrations. Similarly, Kosla et al. (2013) reported age-related differences in Fe content in various tissues of European bison. Adult bison had greater Fe concentrations in the liver and muscle compared to calves, indicating to authors that Fe accumulates more in these tissues as bison age. However, in other tissues, such as the rib and hoof, the pattern was reversed, with calves having greater Fe concentrations in the rib and hoof. Kosla et al. (2011) also examined Fe concentrations in hair across age groups and reported no difference between calves and adults, authors stating that hair may not reflect the age-related changes in Fe seen in other tissues. Overall, these studies indicate that Fe concentrations in bison vary with age, particularly in the liver and muscle.




4.3.6.3 Nutrition

The impact of nutrition on Fe status in bison reveals minor differences based on diet type. Marchello and Driskell (2001) reported no difference in Fe concentrations between grass-finished and grain-finished North American bison. Across different cuts of grass-finished bison, the Fe content was consistent, with ribeye, top sirloin, and clod all approximately 3.0 mg/100g wet weight, except for ribeye and top round. However, differences between cuts were more pronounced in grain-finished bison. Marchello et al. (1998) reported that ribeye had lower Fe concentrations than sirloin, top round, and clod, indicating variation in Fe distribution across muscle types. Additionally, in a comparison of bison and beef, Marchello et al. (1989) reported that bison had greater Fe content in the longissimus muscle compared to beef, highlighting bison meat as a richer source of Fe. These findings suggest that while diet does not drastically affect Fe content in bison meat, there are notable differences between specific cuts and between bison and other meat sources like beef.




4.3.6.4 Health and disease

Studies exploring the relationship between health conditions and Fe status in bison suggest that Fe concentrations are generally stable across various disease states, with a few exceptions. Marczuk et al. (2015) reported that European bison diagnosed with chronic liver flukes showed no evidence of changes in liver Fe concentrations, while domestic ruminants in the same study displayed slight changes in Fe concentrations depending on the presence of liver flukes. Similarly, Klich et al. (2023) investigated comorbidities in European bison and reported that Fe concentrations in the liver did not correlate with any other elements or comorbid conditions, leading the researchers to exclude Fe from further analysis regarding disease relationships. In contrast, Dębska et al. (2005) reported a difference in serum Fe concentrations between European bison diagnosed with balanoposthitis and healthy individuals, with the diagnosed animals having greater Fe concentrations compared to cattle reference data. Although Fe concentrations remained stable in most cases, other trace elements like Cu and Se showed notable changes in relation to health conditions. Klich et al. (2023) observed that as the number of comorbidities increased, Cu concentrations decreased, contributing to a weakened state in the bison. They hypothesized that this imbalance in trace elements, combined with parasitic infestations, likely contributed to reduced weight and birth rates in the affected populations.




4.3.6.5 External environment

Findings for Fe status in bison across different management practices, environments, and locations reveal notable variations influenced by habitat conditions. MacNeil et al. (1990) compared North American bison from Wood Buffalo National Park and a game ranch, finding that Fe concentrations in the liver and kidney were greater in the game ranch bison compared to those from Wood Buffalo National Park. In comparison to cattle data, the nutritional status for Fe in bison was determined: from Wood Buffalo National Park, Fe concentrations were considered marginal, while the game ranch bison had adequate Fe concentrations in both liver and kidney. This suggests that management conditions, such as controlled feeding and habitat quality, may influence Fe concentrations in bison. In a separate study, Klich et al. (2021) analyzed liver Fe concentrations in European bison from four different sites in Poland, finding that only two of the sites had differences in Fe concentrations. Overall, these studies emphasize that both natural environments and management practices can affect the Fe nutritional status of bison.





4.3.7 Copper



4.3.7.1 Sex

The scoping review identified only one study investigating copper (Cu) status in bison evaluating sex effects. Durkalec et al. (2018) examined Cu concentrations in the liver of European bison from Poland and reported no differences between males and females. The study reported a Cu range of 0.870-29.22 mg/kg wet weight for females and 2.03-49.170 mg/kg wet weight for males, with both sexes exhibiting broad variation in Cu concentrations.




4.3.7.2 Age

No reported articles in this review covered the effect age on the concentrations of Cu.




4.3.7.3 Nutrition

Studies investigating the influence of nutrition on Cu status in bison highlight slight differences based on diet type and variations across different meat cuts. Marchello and Driskell (2001) reported that grass-finished North American bison had a nonsignificant increase in Cu concentrations in raw separable lean meat compared to grain-finished bison. The Cu content was also assessed across various cuts, including ribeye, top sirloin, top round, and clod, with no differences between cuts. In a separate study, Marchello et al. (1998) reported that for bison fed concentrate diets, the sirloin cut had greater Cu concentrations compared to other cuts such as ribeye and top round. Additionally, Marchello et al. (1989) compared Cu concentrations between bison and beef, finding that bison had lower Cu concentrations in the longissimus muscle compared to beef. These findings suggest that while diet (grass vs. grain) may not impact Cu concentrations in bison meat, there are notable differences between specific cuts and in comparison, to other meats like beef.




4.3.7.4 Health and disease

Papers examining the relationship between health conditions and Cu status in bison suggest that Cu deficiencies may be linked to various disease states, but the overall impact varies across different conditions. Schillhorn van Veen et al. (1991) reported that North American bison necropsied after death had low liver Cu concentrations, which were comparable to low Cu concentrations observed in cattle. Similarly, Rhodes et al. (2018) reported low liver Cu concentrations in euthanized North American bison, speculating that parasitic infestations, like coccidia, could interfere with Cu absorption, as well as other nutrients. The authors stipulated that this malabsorption could be further exacerbated by increased absorption of competing minerals such as Se, Mo, or Zn. In European bison, Dębska et al. (2005) reported no difference in serum Cu concentrations between individuals with balanoposthitis and healthy bison, with both groups falling within cattle reference ranges. However, Klich et al. (2023) observed that European bison with fewer lesions had greater hepatic Cu concentrations, suggesting that Cu deficiencies may be associated with greater susceptibility to comorbidities. These findings indicate that while Cu deficiency does not always correlate with specific diseases like balanoposthitis, it may play a role in the overall health and resilience of the animal.




4.3.7.5 External environment

Cu status in bison across different environments and management conditions highlight the influence of location, habitat, and human activities on Cu concentrations. Skibniewska et al. (2006) reported that European bison from Białowieża Forest had Cu concentrations below standard values in various tissues. These deficiencies have authors suggesting environmental factors in Białowieża lands may impact Cu absorption. Similarly, MacNeil et al. (1990) reported that North American bison from Wood Buffalo National Park had lower liver Cu concentrations compared to those from a game ranch, though kidney Cu concentrations were adequate in both populations. This discrepancy may reflect differences in diet and habitat management, as the game ranch provided a more controlled environment. Klich et al. (2021) further demonstrated how local agricultural practices affect Cu concentrations, finding that bison from the Knyszyńska region had lower hepatic Cu concentrations due to intensive farming, where treatments of nitrogen and P may dilute Cu content in crops. Meanwhile, Durkalec et al. (2018) reported no difference in Cu concentrations between bison from Białowieża and Smardzewice, nor between free-range and captive bison, though Cu deficiencies were widespread, affecting 85% of captive and 88% of free-range bison. These findings indicate that both natural and managed environments can have deficiencies due to environmental conditions and agricultural impacts.





4.3.8 Zinc



4.3.8.1 Sex

Studies evaluating zinc (Zn) status in bison across different sexes generally have not reported differences between males and females. Kosla et al. (2004) reported a tendency for European bison males to have greater Zn concentrations in various tissues, with liver Zn concentrations averaging 172.7 mg/kg wet weight in males compared to 134.6 mg/kg wet weight in females. Despite this trend, no sex-based differences were observed across tissues. Similarly, Durkalec et al. (2018) reported wide variations in liver Zn concentrations in European bison from Poland, ranging from 30.69 to 430.12 mg/kg wet weight in males and 33.68 to 99.57 mg/kg wet weight in females, but again, there were no differences between sexes.




4.3.8.2 Age

The scoping review revealed only one study investigating Zn status in bison across different age groups. Kosla et al. (2004) reported that Zn concentrations in the kidneys and liver tended to increase with age. In their study, older European bison (over two years) had greater Zn concentrations in the kidneys compared to younger bison.




4.3.8.3 Nutrition

Research investigating the effects of nutrition on Zn status in bison reveal variations in Zn concentrations based on diet type and meat cuts. Marchello and Driskell (2001) reported no difference in Zn concentrations between grass-finished and grain-finished North American bison, suggesting that diet type has minimal impact on Zn content in bison meat. However, Zn concentrations varied between different cuts of grass-finished bison, with the clod having the highest Zn content, different from the top sirloin and ribeye, while the top round had the lowest concentrations. Similarly, Marchello et al. (1998) observed differences in Zn concentrations across cuts of bison fed concentrate diets, with clod and ribeye differing from other cuts like top round. When comparing bison and beef, Marchello et al. (1989) reported that beef had greater Zn concentrations than bison.




4.3.8.4 Health and disease

Research examining Zn status in bison in relation to health and disease conditions reveals that Zn concentrations can fluctuate based on specific illnesses, though clear patterns are not always consistent across different conditions. In North American bison, Rhodes et al. (2018) reported elevated hepatic Zn concentrations in animals euthanized due to poor body condition, alongside a high presence of intestinal parasites. The authors concluded that this increase in Zn likely contributed to the observed Cu deficiency, as Zn can interfere with Cu absorption, compounding the animals’ health problems. Similarly, Klich et al. (2023) reported that European bison in Poland, euthanized for various clinical illnesses, showed greater Zn concentrations in the liver as the number of lesions increased, particularly in animals classified in the more severe lesion groups. The number of multiple types of lesions was strongly associated with greater Zn concentrations in hepatic tissue, suggesting a possible connection between disease severity and Zn metabolism. In contrast, Dębska et al. (2005) reported no difference in serum Zn concentrations between European bison with balanoposthitis and healthy bison, with both groups falling within cattle reference ranges. These findings indicate that while Zn concentrations may fluctuate in response to specific diseases or parasitic infections, the relationship between Zn and overall health in bison remains complex and may be influenced by interactions with other trace minerals, such as Cu.




4.3.8.5 External environment

The influence of external environment, management, and location on Zn status in bison highlights variations in Zn concentrations based on habitat and management conditions. MacNeil et al. (1990) compared North American bison from Wood Buffalo National Park and a game ranch, finding that liver Zn concentrations were greater in bison from Wood Buffalo than those from the game ranch, while kidney Zn concentrations were similar between both sites. In Poland, Klich et al. (2021) analyzed Zn concentrations in bison liver across multiple sites and reported differences, with the greatest concentrations in the Bieszczady Mountains and the lowest in the Knyszyńska Forest. The authors suggested that greater Zn concentrations in Bieszczady soils contributed to the difference, while in Knyszyńska, the lower Zn intake was linked to feeding on Zn-deficient crops, exacerbated by soil pH. Durkalec et al. (2018) reported no difference in liver Zn concentrations between Białowieża and Smardzewice, but they did report a difference between free-range and captive bison, with free-range animals showing greater Zn concentrations compared to captive ones. The authors hypothesize that Zn deficiencies were more prevalent in captive bison (37%) compared to free-range bison (3%) and suggest that natural foraging may better support adequate Zn intake.





4.3.9 Other minerals



4.3.9.1 Sex

Articles analyzing the mineral status of bison across different sexes reveal minimal differences. Durkalec et al. (2018) analyzed liver concentrations of various minerals in European bison and reported that most minerals, including aluminum (Al), cadmium (Cd), mercury (Hg), and lead (Pb), did not have differences between sexes. However, Ag concentrations were greater in males than females. Klich et al. (2023) also reported that males had greater hepatic concentrations of molybdenum (Mo) and nickel (Ni), with six elements, including these two, consistently lower in females. This trend of males having greater mineral concentrations was echoed in Kosla et al. (2016), who observed that strontium (Sr) and cesium (Cs) concentrations were greater in the hooves of males compared to females. In contrast, other studies reported no sex-based differences for minerals like P, titanium (Ti), vanadium (V), Sr, and barium (Ba) in hair (Kosla et al., 2010, 2011). Zaugg et al. (1993) also reported no differences in blood serum chlorine (Cl) concentrations between North American bison bulls and cows. Overall, while some elements, like silver (Ag), Mo, and Cs, show sex-based differences, the majority of minerals do not vary between male and female bison within the articles of this review.




4.3.9.2 Age

There are varying results of the impacts of age on other mineral status. For Cl concentrations in serum, Brzuski et al. (2010) reported that adult North American bison had greater Cl concentrations than calves, a trend also observed by Vestweber et al. (1991), who reported greater Cl concentrations in bison older than 24 months compared to those aged 7–23 months. In contrast, Zaugg et al. (1993) reported similar Cl ranges for adults and calves in Yellowstone bison. Klich et al. (2023) noted that only Cd and Ni concentrations in the liver showed correlations with age, while Kosla et al. (2010) reported greater vanadium concentrations in the hair of older European bison compared to calves. In muscle tissue, Sr was greater in adults than in calves, while Cs was greater in calves than in adults (Kosla et al., 2016). However, Sr concentrations in hooves were lower in adults compared to calves. Additionally, Shupe et al. (1987) linked the severity of dental fluorosis and wear in North American bison to both age and fluoride exposure. Overall, these findings suggest that age plays a variable role in mineral status, with some elements like Cd, Ni, V, and Sr showing age-related differences, while others like Cl display more subtle variations depending on the study.




4.3.9.3 Nutrition

Bison nutrition and mineral status only exhibited one study specifically investigated the impact of other trace elements in relation to diet. Wlostowski et al. (2006) examined the accumulation of Cd in the liver and kidneys of European bison and Polish cattle, finding greater Cd concentrations in bison tissues. The liver Cd concentration in European bison was 0.45 mg/kg wet weight, compared to just 0.20 mg/kg wet weight in cattle, while Cd concentrations in the kidneys were also markedly greater in bison versus cattle. The authors concluded that these differences were directly related to the greater concentrations of Cd reported in the grasses consumed by bison, which were twice as high as those grazed by cattle. This study highlights the strong correlation between dietary intake and trace element accumulation in tissues, emphasizing the need for further research into how different diets affect trace mineral accumulation in bison.




4.3.9.4 Health and disease

In this scoping review, one study specifically investigated the relationship between other trace elements, health problems, and mineral absorption. Rhodes et al. (2018) analyzed liver and fecal samples from North American bison and reported toxic concentrations of Se and Mo at 4.2 ppm, which were linked to deteriorating health conditions. The study suggested that the elevated concentrations of Mo, along with other trace elements, likely contributed to malabsorption issues, particularly for Cu, which is critical for various physiological processes. Additionally, the presence of parasites in the digestive systems of these animals further compounded the health problems by interfering with nutrient absorption. This research highlights the complex interplay between trace elements and overall health, indicating that imbalances in elements like Mo, combined with parasitic infections, can significantly affect mineral absorption and lead to worsening health outcomes in bison.




4.3.9.5 External environment

Findings for the influence of external environments, management styles, and geographic locations on the mineral status of bison indicate deviations in trace element concentrations across different habitats and management conditions. Durkalec et al. (2018) reported no differences in mineral concentrations—including Ag, Al, Cd, and Hg—between captive and free-ranging European bison, suggesting that management style (captive vs. free-ranging) does not impact the accumulation of these trace elements. However, when comparing liver mineral concentrations by geographic location, differences were reported for arsenic, Cr, Ni, and Pb. For instance, arsenic concentrations in the liver were greater in bison from Smardewice compared to those from Białowieża, and similar trends were observed for Cr, Ni, and Pb, with Smardewice bison generally exhibiting greater concentrations. Klich et al. (2021) also reported that Mo concentrations were lower in bison from the Bieszczady Mountains compared to other regions, likely due to the acidic soil in the region, which limits Mo uptake by plants. Other elements such as beryllium, Co, lithium, silicon, titanium, and Cd showed site-specific correlations, reflecting the strong influence of local environmental factors on mineral accumulation. Similarly, Kośla et al. (2006) reported greater Al concentrations in the hair and hoof compared to the rib, indicating tissue-specific accumulation patterns in free-ranging bison in Poland. In North American bison, MacNeil et al. (1990) compared trace element concentrations in bison from Wood Buffalo National Park and a game ranch, finding that while all mineral concentrations were adequate, bison from Wood Buffalo had greater Cd concentrations in the liver and kidney compared to ranch bison. The geographic and environmental factors influencing these mineral concentrations demonstrate how habitat, soil composition, and local forage can significantly affect trace element status in bison across different locations.






4.4 Vitamins



4.4.1 Sex

Two studies investigated the relationship between sex and vitamin A (retinol) concentrations in North American bison within this review, comparing heifers and bulls across different cuts of meat. Galbraith et al. (2006) reported that vitamin A concentrations varied among cuts but showed no differences within sex classes. The study also noted a positive correlation between vitamin A and trans-fat content in bison meat, suggesting a potential link between dietary fat profiles and retinol concentrations. This research underscores that while vitamin A concentrations may vary across different cuts and exceed previously recorded concentrations, sex does not appear to impact vitamin A status in bison meat. There were no reported articles in this review that covered the effect of sex on B-complex vitamins, or vitamins, C, or E concentrations in bison.





4.4.2 Age

No reported articles in this review covered the effect of age on vitamin concentrations in bison.





4.4.3 Nutrition

The effects of diet on vitamin A (retinol) and related metabolites in bison reveal notable differences based on nutrition type, particularly between grass- and grain-finished diets. Driskell et al. (2004) compared vitamin concentrations of ribeye cuts from grass- and grain-finished North American bison and reported that both retinol and alpha-tocopherol (vitamin E) differences were not significant, and undetectable limits of vitamin C. However, beta-carotene concentrations were greater in grass-finished bison compared to grain-finished bison, likely due to the natural seasonality and beta-carotene content of grasses. Grass-finished bison had lower riboflavin, but greater niacin compared to grain-finished bison, likely due to protein differences in feed and niacin’s reduced bioavailability in grains. Another study by Driskell et al. (1997) showed that vitamin A concentrations were similar across cuts (clod, ribeye, top round and top sirloin) in North American bison bulls ranged from 0.7-1.0 µg/100g wet weight across diets, with the greatest concentrations reported in bulls fed a diet rich in wheat, oats, and corn, whereas lower concentrations were reported in bison on wheat by-products. When comparing bison meat to other retail meats, bison exceeded beef and turkey in vitamin A but not pork or chicken, had greater thiamin, B6, and B12 than pork, chicken, and turkey, combined alpha- and gamma-tocopherols concentrations were lower than in beef, pork, chicken, and turkey, and vitamin C was undetectable. Marchello et al. (1998) also reported differences in vitamin A among bison meat cuts, reporting greater retinol in the sirloin compared to clod, variations in B6 and thiamin across cuts, with the top round having greater B6 and ribeye exhibiting lower thiamin concentrations, and no difference in alpha-tocopherol concentrations across cuts of ribeye and top round. Additionally, van Vliet et al. (2023) noted that pasture-raised North American bison had greater M. longissimus lumborum concentrations of carotene diol and alpha-tocopherol compared to grain-finished bison, greater concentrations of pyridoxine,a B6 metabolite, in grain-finished North American bison, and observed that grain-finished bison exhibited greater ascorbate, a vitamin C metabolite, than grass-finished animals. Although vitamin C is not essential for ruminants, greater ascorbate concentrations could enhance meat shelf stability and quality. Lakritz et al. (1998) tested for vitamin B and E loss in bison under gamma radiation for meat sterilization, finding no change in riboflavin or thiamin, thus supporting the nutritional stability of bison meat. Additionally, Lozicki et al. (2017) observed that musculus semitendinosus muscle collected from European bison had greater alpha-tocopherol concentrations than beef, but not compared to their hybrid crosses, Zubrons. In a direct comparison, Galbraith et al. (2016) reported that bison had greater alpha-tocopherol and total vitamin E concentrations than beef but lower alpha-tocotrienol concentrations. These studies underscore how diet, cut, and processing conditions can affect the vitamin profile in bison, but emphasize that vitamin A and E are more predominantly measured in muscle tissues within the field.




4.4.4 Health and disease

No reported articles in this review covered the effect of health/disease on vitamin concentrations in bison.




4.4.5 External environment

No reported articles in this review covered the effect of external environment on vitamin concentrations in bison.






5 Limitations

To the author’s knowledge, this is the first scoping review on vitamin and mineral concentrations within tissues of bison; however, this scoping review is subject to several important limitations. This review does not focus exclusively on a single bison species, encompassing both North American and European bison. This introduces variability, as these species may have different ecological, physiological, and nutritional profiles. Inconsistencies in terminology in the literature also pose a challenge; articles with unclear species designation were excluded from this review. This approach may have led to the omission of studies relevant to the population of interest, potentially limiting the breadth of data available for analysis. Additionally, differences in sampling procedures, analytical methods, and reporting standards were not accounted for, which could affect the comparability of findings. Furthermore, the choice of tissues analyzed in studies may not fully represent the overall mineral or vitamin status of the animals, as these concentrations are influenced by complex physiological interactions involving multiple tissues. Sampling bias is also a concern, particularly for European bison, as samples are often collected opportunistically due to the species’ protected status. These samples frequently come from animals culled due to illness, injury, or advanced age, which may not reflect the nutrient status of the broader population. Another limitation in grazing bison is that a complete inventory of what they consume (soil, tree bark, etc.) is not available. Thus, making it difficult to quantify total mineral and vitamin intake. Finally, variability in the terminology used to describe management practices adds complexity to the interpretation of results. Terms like “free-range,” “enclosed,” “captive,” and “ranched” were often used inconsistently or interchangeably across studies, complicating efforts to make meaningful comparisons of mineral and vitamin concentrations across different management contexts.




6 Conclusions

This scoping review highlights significant gaps in our understanding of mineral and vitamin concentrations within bison. Research on vitamins is minimal and has primarily focused on nutrient content of consumable products rather than examining vitamin concentrations across different tissues with interest in the status of the animal. There are notable gaps in research on trace elements as well; while studies have explored mineral concentrations in the context of grass-fed versus grain-fed diets, there is limited investigation into how these concentrations vary by health status, sex, or age. Moreover, few studies have examined blood serum mineral concentrations over time or across seasons, even though many bison reside and are raised in range environments where nutrient availability likely fluctuates. Seasonal and longitudinal studies could offer valuable insights into how mineral concentrations in bison shift in response to environmental changes. There is also an imbalance in research focus between North American bison and European bison. While North American bison studies emphasize the nutrient profile of meat, there is relatively less research attention on the assessment of overall mineral status of these animals. In contrast, research on European bison places a greater emphasis on mineral and vitamin status, likely due to the protected status of the species in Poland, where there is a strong focus on health monitoring. One challenge with conducting these studies is sample collection and that should be considered when developing future studies; sample collection at a given time and location may be more the result of opportunity than a planned research design. Overall, the current literature on bison nutrition reveals a limited focus on vitamin concentrations in tissues other than meat, and a need for more comprehensive studies on mineral and vitamin status across different contexts and life stages of bison populations.
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