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Abstract

The rearing method of bison and the nutrient content of the meat may make bison a healthier
alternative to beef. We hypothesized that the acute and chronic effects of bison consumption, in
comparison to beef, will result in a less perturbed blood lipid panel and a reduced inflammatory
and oxidative stress response which will minimize the detrimental effect on vascular function. A
double-blind, cross-over randomized trial was employed to examine the consequence of a single
12 oz serving (N=14) and 7 weeks of chronic consumption (N=10) (12 oz per day, 6 days/week) of
each meat. Measurements included: blood lipids, interleukin-6 (IL-6), plasminogen activator
inhibitor-1 (PAI-1), c-reactive protein (CRP), oxidized low-density lipoprotein (Ox-LDL), protein
carbonyl, hydroperoxides, flow mediated dilation (FMD) and FMD/shear rate. Following a single
beef meal: triglycerides (TG) and Ox-LDL were elevated (67+£45% and 18+17% respectively),
there was a tendency for hydroperoxides to be elevated (24+37%), and FMD/shear rate was
reduced significantly (30+£38%). Following a single meal of bison: there was a smaller increase in
TG (30+27%), and markers of inflammation and oxidative stress and FMD/shear rate were
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unchanged. Chronic consumption of either meat did not influence body weight, % body fat, or
blood lipids. Protein carbonyl (24+45%), PAI-1 (78+126%), IL-6 (59+£76%) and CRP (72+57%)
were significantly elevated and FMD/shear rate was significantly reduced (19+28%) following 7-
weeks of beef consumption, but not bison consumption. Based on our findings, the data suggest
that bison consumption results in a reduced atherogenic risk compared to beef.
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1. Introduction

In recent years consumers have been warned of the negative effects of diets containing large
amounts of red meat high in saturated fatty acids (SFA), including elevated cholesterol and
the subsequent risk of cardiovascular disease. These negative attributes of beef are partially a
product of the relatively recent industrial age, which increased beef production, but from a
nutritional standpoint had a negative impact on beef quality: Specifically, two centuries ago
most beef cattle were range fed and slaughtered between 4-5 years of age while today
approximately 99% of all beef consumed in the United States originates from grain fed
cattle which are ready to be slaughtered by 14 months of age. This process results in a
greater total fat content and higher omega-6/omega-3 ratio which increases the postprandial
inflammatory response leading to endothelial dysfunction and potentially to cardiovascular
disease.

The current American diet which consists of highly refined or processed foods and red meats
from animals that have spent a greater portion of their life on a feed lot eating corn rather
than being range fed and eating grass. As an alternative source of red meat, bison, which are
often primarily range fed may offer health advantages, as bison meat not only contains lower
total fat content, but also provides a more favorable fatty acid composition compared to beef.
Specifically, bison contains an increased ratio of polyunsaturated fatty acids (PUFA) to
saturated fatty acids (SFA), 3—4 times more anti-inflammatory omega-3 PUFA and is
particularly high in alpha linolenic acid. In addition, ruminants such as bison are a major
contributors of conjugated linoleic acid (CLA) to the human diet, providing significantly
more CLA than other non-ruminant meat sources such as pork, fish, chicken, and turkey.
The dietary inclusion of a specifically rich source of CLA may be advantageous as CLA is
believed to have anti-inflammatory properties, and may have an important role in the
prevention of cardiovascular disease and cancer.

To date, there has not been a human clinical trial to test the overall hypothesis that bison is a
healthier alternative to beef in terms of vascular health. Of the limited data that do exist, a
study comparing the bison and beef hybrid (beefalo), revealed an increase in LDL following
beef, but not beefalo consumption. More recently, McAfee et al (2011) reported that
consumption of beef and lamb from grass fed cattle contributes to dietary intake of LC n-4
PUFA. Other clinical trials focused upon meat consumption have compared red versus white
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meat. Indeed, data are lacking on the direct comparison of two red meat sources such as
bison meat and comparable cuts of conventional beef cattle meat.

Thus, the objective of the present investigation was, utilizing cross over randomized human
trials, to compare the influence of a single meal as well as chronic consumption (7 weeks) of
bison and beef on blood lipids, markers of inflammation (IL-6, CRP, TNF-alpha and PAI-1)
and markers of oxidative stress (hydroperoxides, protein carbonyl and oxidized LDL). In
addition, we also aimed to compare the influence of acute and chronic consumption of bison
and beef on vascular function as measured by shear stress-induced brachial artery dilation
following the release of a cuff occlusion (flow mediated dilation, FMD). We hypothesized
that the acute and chronic effects of bison consumption, in comparison to beef, will result in
a less perturbed blood lipid panel and a reduced inflammatory and oxidative stress response.
Consequently, we also hypothesized that the consumption of bison, rather than beef, will
minimize the detrimental effect of red meat consumption on vascular function, as indicated
by a greater brachial artery FMD.

2. Methods and Materials

2.1 Subjects

All methods and procedures utilized in this study were approved by the University of Utah’s
Institutional Review Board. A total of 14 healthy male subjects (table 1) volunteered to
participate in the acute portion of the study. A subset of 10 participants also took part in the
chronic portion of the study. Exclusion criteria included: cholesterol > 240mg/dl, currently
on blood pressure or vasoactive medications or the use of tobacco as elevated cholesterol,
vasoactive drugs and nicotine all impact vascular function and would blur the results of the
treatments.

2.2 Experimental Design

For the acute portion of the study, subjects were randomly assigned two single meals
consisting solely of 340 g (12 oz) beef or bison steaks in a crossover design. For the chronic
study subjects were randomly assigned beef or bison meat (consisting of steaks and roasts),
340 g (12 oz) per day, 6 days per week for 7 weeks, and instructed to incorporate the meat
into their normal diet. Subjects were not specifically asked to maintain an isocaloric diet to
prevent weight gain as pilot data indicated that subjects did not gain or lose weight during a
similar intervention. Therefore, it was deemed best to minimize interference with the
subject’s normal eating habits beyond the meat intervention. A 30-day washout period,
during which they returned to their normal diet, was employed prior to a second 7-week
period during which subjects adopted the same regime, but with the other meat. To increase
meal variation and maintain compliance, subjects were provided nutritional guidance and
recipes and were in regular contact with the investigators.

2.3 Beef and bison meat

The beef and bison meat utilized in this investigation consisted of a combination of sirloin
steaks and chuck roasts. The beef was typical commercial “USDA Choice” grade, from 19-
month old cattle that were feedlot fed (hay, corn silage, and a mixture of grains including
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wheat, barley and corn). The bison meat was also from 19-month old male bison, which
were range fed for 7 months and subsequently 12 months feedlot fed (alfalfa hay, hay silage,
corn silage, barley, corn wheat mill run, dry distillers grains, and potato solids).

2.4 FMD Testing

For all FMD tests, subjects reported to the laboratory following an overnight fast and having
refrained from caffeine for 24 hours prior to each testing day. Prior to the meal, blood
samples were drawn and a fasted FMD test was performed. Previously established
guidelines for FMD testing were followed. In brief, subjects lay supine, with a pneumatic
cuff (SC5, Hokanson Inc., Bellevue, Washington) placed on the arm immediately proximal
to the elbow and distal to the site of the ultrasound Doppler probe. Following a 20-minute
rest period, baseline blood velocity and vessel images were recorded using a GE Logiq 7
ultrasound / Doppler machine (General Electric Medical Systems, Milwaukee, W1, USA).
The arm cuff was then inflated to supra-systolic pressure (> 250 mmHg) for 5 minutes.
Following release of the cuff, blood velocity and brachial arterial images were recorded
again for two minutes. The simultaneous measurements of brachial arterial blood velocity
and vessel diameter were performed with the Logic 7 utilizing a linear array transducer
operating at 14 MHz imaging frequency and 5 MHz Doppler frequency. All blood velocity
measurements were obtained with the probe appropriately positioned to maintain an
insonation angle of 60° or less. The sample volume was maximized according to vessel size
and was centered within the vessel based on real-time ultrasound visualization. Angle-
corrected, and intensity weighted mean velocity (Vmean) Values were calculated using
commercially available software (Logic 7). Electrocardiogram triggering was utilized to
capture end-diastolic arterial diameters which were analyzed using automated edge detection
Brachial Analysis software (Medical Imaging Application, Coralville, IA, USA).

Each subject then consumed a single meal which consisted solely of 12 ounces of oven-
broiled beef steak, with 1/4” fat trim intact (without additives such as oils, condiments, salt
or spices) or an identically prepared 12 oz. bison steak. Subjects were only provided with
water to drink, ad /libitum. Following the meal, subjects rested quietly in the laboratory for 4
hours, which allowed for the subsidence of the protein/fat effects on insulin concentration.
To determine the acute effect of beef or bison consumption, a second blood sample was then
drawn followed by a postprandial FMD test. Following each 7-week meat intervention,
participants in the chronic study reported back to the laboratory in a fasted state for an
additional third (chronic effect) FMD and blood draw.

2.5 FMD Analyses

Vessel diameter and blood velocity were averaged across four second intervals for the first
20 seconds following cuff release and then across ten second intervals for the remainder of
the two minute data collection period. Using arterial diameter and Vmean, blood flow in the
brachial artery was calculated as: Blood flow = Veanm(vessel diameter/2)2 x 60, where
blood flow is in milliliters per minute. Shear rate was calculated as: shear rate = (Vean X
4) / vessel diameter. FMD was expressed as a percent increase in baseline diameter: FMD=
(peak hyperemic diameter — baseline diameter)/ baseline diameter. To account for any
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differences in shear rate, the main stimulus for arterial dilation with this approach, FMD was
also expressed relative to shear rate (FMD/shear rate).

2.6 Blood Analyses

Blood samples were centrifuged at 2000 g for 15 minutes, after which serum and plasma
were separated and stored at —80 degrees C for future analysis. The blood samples were
analyzed for total cholesterol, TG and LDL and HDL concentrations by ARUP Laboratories,
University of Utah using a quantitative enzymatic assay on a Roche P-modular platform
(Indianapolis, Indiana). The ferric reducing ability of plasma (FRAP) and Ferrous/xylenal
orange (FOX) assays were also used to determine total antioxidant capacity and
hydroperoxide concentrations, respectively. Oxidized LDL concentrations were measured
using an enzyme immunoassay (Mercodia, kit 10-1143-01, Uppsala, Sweden). High
sensitivity IL-6, IL-10 and TNF-alpha as well as PAI-1 concentrations were measured using
a solid phase sandwich ELISA kits (kits HS600B, D100B, DTAQ0C, DSE100 respectively,
R&D Systems: Minneapolis, MN). Protein carbonyl were measured by a protein Carbonyl
ELISA (kit NWK-PCKO1, Northwest Life Science Specialities, LLC., Vancouver,
Washington). Finally, serum C-reactive protein was also measured using a liquid-phase,
double-antibody radioimmunoassay.

2.7 Physical Characteristics and Questionnaires

Three-day food diaries (requiring food type and brand name, volume or mass, and cooking
method) and physical activity questionnaires (requiring the type of activity, duration, and
intensity based on a Borg RPE scale) were collected from subjects at the beginning and end
of each treatment period. In addition, during the chronic investigation subjects were required
to complete a daily compliance checklist which allowed us to determine if the subjects were
compliant with the meat consumption (greater than 95% compliant). The food records were
analyzed using Food Processor nutritional analysis software (Mersion 8.3, 2004, ESHA
Research; Salem, Oregon). In addition at the beginning and end of each 7 week period
subjects height, weight and body fat composition (Tanita Body Composition Analyzer
Model TBF-300A) were recorded.

2.8 Fatty Acid Analysis of Meat Lipids

A total lipid and fatty acid analysis, including concentrations of saturated, polyunsaturated,
omega-6 and omega-3 fatty acids, was performed on the bison and beef steaks and roasts.
Fatty acid methyl esters were prepared as described by Murrieta et al.. Briefly, direct
transesterification of duplicate 100-mg samples of freeze-dried muscle in 16 mm x 125 mm
culture tubes with Teflon-lined caps was accomplished using 2.0 mL of 0.2 M KOH in
anhydrous methanol by 60 minutes of incubation at 50° C. Tubes were vortex-mixed three
times/ min for about 3 sec to keep tissue in suspension. After reaction, tubes were allowed to
cool, and then 3.0 mL of H20 and 2.0 mL of hexane were added to each tube, tubes were
capped, and then vortex-mixed for 15 sec. Tubes were centrifuged for 2 min at 2,500 rpm to
accelerate phase separation, and the hexane phase transferred to GLC vials containing a 1.0-
mm bed of anhydrous Na2S04. Each tube contained 1.0 mg of glyceryl tritridecanoate
(C13:0 as triacylglycerol) as an internal standard initially added to each tube.
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Fatty acid methyl esters were separated using a Agilent 6890 GLC (Agilent Technologies,
Inc., Wilmington, DE) equipped with a flame ionization detector and a 100-m x 0.25-mm
(i.d.) fused silica capillary column (SP-2560, 0.2 micrometer film thickness, Supelco,
Bellefonte, PA). Oven temperature was maintained at 175° C for 40 min, and then increased
to 240° C at 10° C/min. Injector and detector temperatures were 275° C. Helium was the
carrier gas with a split ratio of 50:1 and 0.8 mL/min column flow. Fatty acid peaks were
recorded and integrated using Agilent ChemStation software. Fatty acids were identified by
comparing retention times with fatty acid methyl ester standards (Nu-Chek Prep, Inc.,
Elysian, MN and Matreya, Inc., Pleasant Gap, PA).

2.9 Statistical Analyses

Initial sample sizes were based on a power analyses from FMD pilot data, selected as
vascular function represents the practical consequence of the meat intervention. Data were
analyzed (SPSS version 16.0) using paired t-tests to determine the acute effect (single meal)
and chronic effect (7-weeks) of beef or bison consumption. For the acute analysis, pre-meal
values (i.e. total cholesterol, LDL, HDL, TG, IL-6, IL-10, PAI-1, CRP, TNF-a, Ox-LDL,
protein carbonyl, hydroperoxides, total antioxidant capacity, FMD and FMD/shear) were
compared to post-meal values. The chronic effect was determined by comparing fasted
values at the beginning to fasted values at the end of the 7-week treatment period. Paired t-
tests were also used to determine changes in BMI, body fat (%), body mass, and physical
activity as well as diet including carbohydrate, fat, saturated fats, protein total caloric intake
between each 7 week period. In addition, independent samples t-test were used to determine
differences in total lipid or fatty acids between the beef and bison meat as well as the ratio of
n-6/n-3 PUFA and index of atherogenicity. For all tests conducted, the significance level was
set at alpha = 0.05. All data are presented as means + SD.

3. Results

Baseline subject characteristics are presented in Table 1. For the chronic portion of the study,
subjects demonstrated excellent compliance as documented in the daily compliance
checklist. There was a single subject dropout due to relocation. In addition, there were no
differences in any of the dependent variables between the two fasting measurement prior to
each 7-week meat intervention, indicating that the 30-day washout period was effective.

3.1 Meat

In brief, these analyses indicated that bison steaks had a significantly lower total fat
(P<0.001), saturated fat (P=0.003) and monounsaturated fatty acids (P=0.012), and greater
PUFA (P<0.001), omega-3 (P=0.013) and omega-6 (P<0.001) compared to the beef steaks
(Table 2). Similarly, the bison roasts (ingested as a component of the chronic meat
consumption) had lower total fat (P<0.001) and greater PUFA (P=0.003), omega-3
(P=0.005) and omega-6 (P=0.004) fatty acids compared to the beef roasts as well as a
tendency toward lower MUFA (P=0.08). However the saturated fat content did not differ
between bison and beef roasts. Based upon the meat composition data, the total fat load
ingested in the 12 ounces of beef steaks and roasts were on average 21.8 and 19.0 g of fat
respectively, while there were only 9.5 and 8.8 g of fat in the bison steaks and roasts,
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respectively. Furthermore, while the ratio of n-6/n-3 PUFA were similar between bison and
beef, the index of atherogenicity was reduced in the bison roasts and steaks (p=0.036 and
0.008, respectively) compared to beef. In addition to these grouped fatty acid results, there
were differences in individual fatty acid content between beef and bison (Table 3).

3.2 Comparison of dietary recall, physical activity and physical characteristics during
chronic beef and bison consumption

Dietary recall analysis indicated that the addition of 12 oz of beef or bison to the diet of the
subjects had no influence on carbohydrate, total dietary fat, or total caloric intake, however
protein intake did increase with bison and not beef consumption (Table 4). There was a
significant increase in dietary saturated fat as a result of the 7 weeks of beef but not bison
consumption. These results are in agreement with the unchanged subject characteristics:
body weight, BMI or % body fat (Table 4) following 7 weeks of beef or bison consumption.
In addition, physical activity did not change from baseline during either dietary intervention,
and was also not different between the two treatments (Table 4).

3.3 Blood Analyses

Lipids—Total cholesterol, LDL and HDL were not significantly influenced by a single
meal of either beef or bison (Figure 1). Triglycerides, however, significantly increased by
64.5% (P<0.001) and 30.4% (P<0.001) and following a single meal of beef and bison,
respectively. Both the absolute and relative changes in triglyceride levels following beef
consumption were significantly greater than the changes following bison consumption. Total
cholesterol, Triglycerides, LDL or HDL were not altered by 7 weeks of either beef or bison
consumption.

Antioxidant capacity and oxidative stress—Although total antioxidant capacity
(FRAP) and protein carbonyl were not influenced by a single meal of either meat (P>0.26),
oxidized LDL levels increased following a single meal of beef (74.64 + 14.37 to 87.55

+ 18.31 u/L; P=0.026) but not bison (80.8+29.3 to 83.3+37.2 u/L; P=0.57). Likewise
hydroperoxides (FOX) tended to increase following a single meal of beef (1.44 + 0.32 to
1.78 + 0.66 pm/L; P=0.08) but not bison (1.35 + 0.35 to 1.36 + 0.31 pm/L; P=0.77). Neither
total antioxidant capacity, hydroperoxides, nor oxidized LDL changed following 7 weeks of
consuming either meat. Protein carbonyl, on the other hand, was significantly increased
following 7 weeks of beef (0.12 + 0.12 to 0.30 + 0.15 nmol/mg; P=0.04), but not bison
consumption (0.10 + 0.13 to 0.24 + 0.16 nmol/mg; P=0.13).

Inflammation—PAI-1 and TNF alpha decreased following a single meal of bison (from
1.09+0.71 to 0.5240.43 ng/mL, P=0.001; and from 0.29+0.04 to 0.27+0.04 pg/mL, P=0.025,
respectively), but were not influenced by a single meal of beef (P=0.17 and 0.46,
respectively). IL-10, IL-6, and CRP on the other hand were not influenced by an acute meal
of either beef or bison. There was also no significant change in PAI-1, IL-10, IL-6, TNF
alpha or CRP following 7 weeks of beef or bison consumption. However, the relative
changes in PAI-1 (P=0.02), IL-6 (P=0.04) and CRP (P=.003) following 7 weeks of beef
consumption were greater than following 7 weeks of bison consumption (Figure 2).
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There was tendency for a reduction in FMD following a single meal of beef and bison
(p=0.06 for both comparisons). FMD expressed relative to shear was significantly decreased
following an acute meal of beef (p=0.004) however, FMD/shear did not change as a result of
a single meal of bison (p=0.06) (Figure 3). Similarly to the acute analysis, FMD was not
influenced by chronic consumption of beef or bison; however, FMD/shear rate decreased
following 7 weeks of beef (P=0.007) but not bison (P=0.19) consumption (Figure 4).

4. Discussion

This study examined the acute (single meal) and chronic (7 weeks) effect of eating beef or
bison on blood lipids, inflammatory markers, oxidative stress and endothelial function.
Results from this investigation support our hypothesis and indicate that when consumed
acutely, bison, in contrast to beef, results in an attenuated increase in triglycerides, no
elevation in oxidative stress and does not alter vascular function. Furthermore, in contrast to
beef, consuming bison for 7 weeks results in reduced inflammation, lower oxidative stress
and a subsequent maintenance of vascular function. In combination, these results suggest
that the consumption of bison meat, both acutely and chronically, is associated with lower
atherogenic risk than consuming equal portions of beef. Thus, in societies where red meat
remains a large percentage of the diet, in terms of vascular health, bison meat appears to
provide a healthier alternative.

4.1 Nutritional components of beef and bison meat

Although all meat cuts used in this investigation are considered lean meat (<10% sat fat)
based on the American Heart Association guidelines, our results, as well as results from
previous investigations, indicate a difference in the fatty acid profile between beef and bison
meat. Specifically, bison has one third the total fat of the beef, less SFA and increased PUFA
and omega-3. In addition, both bison steaks and roasts had lower Index of Atherogenicity, a
modified and inverted ratio of n-6/n-3 PUFA that includes MUFA in the denominator
indicating that bison meat is associated with a lower atherogenic risk. These differences are
often attributed to the fact that bison are range fed to a greater extent than beef cattle, and
agree with McAfee et al (2011) recent report that indicates grass-fed animals have reduced
total fat and increased PUFA. Interestingly, although the bison meat consumed in this study
originated from 19-month old male bison, which were range fed for only the first 7 months,
improvements in the meat fatty acid profile were still present. In fact, previous reports have
indicated, even when reared similarly, bison meat is leaner than beef. Despite the reduced
fatty acid profile and atherogenic risk of bison compared to beef, it should be noted that the
n-6/n-3 ratio in the meat samples used in this investigation were above the recommended
level of 4.0 for the prevention of CVD. Previous reports, however, indicate that this ratio is
much closer to 4.0 than indicated in the current investigation; these differences might be
attributable to differences between specific cuts of meats.

4.2 Inflammation and oxidative stress resulting from beef and bison consumption

It has been reported that triglycerides and saturated fatty acids as well as PUFAs may be the
most important modulators of the postprandial immune response. Specifically, triglycerides,
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SFA and omega-6 promotes inflammation while omega-3 suppresses inflammation. In fact,
there is substantial evidence to indicate that the relative concentrations of these specific
dietary fatty acids is more important in lowering blood lipid levels and reducing the risk of
CVD than the absolute amount of dietary fat.

Considering both beef and bison were not particularly high in total fat, it is not surprising
that inflammatory markers did not increase following an acute meal of either meat despite
the fatty acid content differences between them. In fact, following acute bison consumption,
PAI-1 and TNF-a actually decreased by 44% and 6% respectively. Indeed it is possible that
following the single meal of bison, the balance between pro-inflammatory and anti-
inflammatory stimuli (CLA, omega-3), in combination with the large amount of protein
which has been shown to minimize postprandial lipemia, was tipped in favor of anti-
inflammation. However, the repeated inflammatory stimulus produced by the daily
consumption of the greater fat containing beef is likely responsible for the observed
differences in the inflammatory response between the two meats when consumed
chronically.

Recently, numerous investigators have reported that the acute inflammation and therefore
increased oxidative stress, following a single high fat meal reduces the vascular response to
shear stress. Although not all markers of inflammation and oxidative stress indicated that
beef consumption yields greater free radicals, the combination of acute elevations in
oxidized LDL and a tendency for hydroperoxides (p=0.08) and the chronic elevation in
protein carbonyl with beef, but not bison consumption, suggests that beef does, in fact, lead
to greater levels of oxidative stress.

4.3 The effect of beef and bison consumption on FMD and FMD/Shear rate

The FMD test, which quantifies the vascular response to increased shear stress, is a measure
of endothelial function/dysfunction and serves as an overall indicator of cardiovascular
health. These data indicate that there was only a tendency (p=0.06) for a single meal of beef
and bison to reduce FMD. However, more recently our laboratory and others have contended
that FMD expressed relative to shear rate (the stimulus for NO release and subsequent
dilation) may be a more valid and robust measure of endothelial function as it accounts for
variations in the stimulus itself. The current data also support this contention. The variability
in the FMD response to a single meal of beef is reduced when FMD is expressed relative to
shear rate and reveal that beef, but not bison, decreases vascular function. It is important to
note that since shear rate itself was not influenced by the meat consumption (p=0.22),
normalizing FMD to shear simply reduced variability in the stimulus rather than accounting
for differences in blood flow associated with beef consumption. Likewise, this study also
indicates that there was no effect of chronic beef or bison consumption on FMD when
expressed simply as a % change in diameter, however when expressed as FMD/shear rate,
only chronic beef consumption reduced vascular function. It should also be noted that
previous studies of the vascular response to a high fat meal typically employ meals that are
relatively high in fat (e.g. 30-50 g of fat/meal) whereas the current meat meals represented a
much lower 9-22 g of fat/meal.
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4.4 Chronic beef and bison consumption and subject characteristics

Interestingly, there were no significant differences in the anthropometric measurements or
blood lipids observed across 7 weeks of beef or bison consumption. Specifically, BMI and
percent body fat as well as total cholesterol, TG, LDL and HDL remained unchanged
indicating that, in this study, the consumption of large amounts of red meat does not have an
effect on several of the factors that are commonly linked to diet. In fact, the meat
consumption in this study was nearly double the American Heart Associations
recommendations of less than 6 0z of lean meat per day (based on a 2000 calorie diet).
Although these findings are initially surprising, there are several possible explanations. First,
as previously discussed, although beef had more than twice the amount of total fat compared
to bison, neither meat could be considered very high in fat (*6% and 2% by weight,
respectively). This observation adds some credence to the fact that eating lean beef, even in
large amounts, may not be overtly unhealthy (see review by Li, Siriamornpun, Wahlgvist et
al., 2005), but the current data highlight the atherogenic risks associated with such behavior.
Second, satiety resulting from eating the unaccustomed large portions of meat may have lead
participants to subconsciously cut down on other meats or foods that are higher in calories
and fat resulting in a net balance. Physical activity, which also may be used to help control
blood lipids and body composition, can not explain this observation as there was no
significant change in physical activity during the course of the study.

4.5 Study Limitations

The current study has several limitations. Specifically, to ensure a significant vascular and
metabolic challenge, meat portions were large. However, although large and likely
somewhat atypical, it is certainly not extremely uncommon for people to consume such a
volume of meat at one sitting in some cultures. In regards to the chronic trial, ideally we
would have liked to use smaller portions (8 oz) for a longer duration (12-16 weeks) but we
were concerned with subject dropout with a longer intervention period. Although a thorough
assessment of meat composition was performed in terms of total fat and fatty acids, protein
and carbohydrate concentrations were not determined for the study meat. These values could
be approximated based on published USDA nutrient values. Furthermore, physical activity
and diet were recorded by survey, an approach which is associated with unavoidable error.

4.6 Summary

This is the first study to compare the cardiovascular health risks associated with the acute
and chronic consumption of beef and bison. As a whole, these data suggest that the
consumption of bison meat, rather than beef, is associated with a reduced atherogenic risk.
Unlike beef, bison consumption did not result in increased inflammation and oxidative stress
or decreased vascular function. Thus, in a society which continues to consume large
quantities of beef, bison meat appears to provide a healthier red-meat alternative.
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Fig. 1.

Relative change in total cholesterol, triglycerides, LDL and HDL following an acute meal of
beef (black bar) and bison (grey bar). Data presented as means + SD. * indicates a
significant difference between beef and bison as determined by paired samples t-test
(P>0.05) (N=14).
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Relative changes in inflammatory markers (PAI-1, IL-6, IL-10, TNF-alpha, CRP) following
7 weeks of beef (black bar) or bison (grey bar) consumption as means £SD. * indicates a
significant difference between beef and bison as determined by a paired samples t-test
(p<0.05) (N=9).
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FMD (left column) and FMD/shear (right column) rate following a single meal of beef (top)
or bison (bottom). The bold line represents the mean values. Note that expressing FMD
relative to shear rate accounts for variations in stimulus and reduces the variability in the
data. * indicates a significant difference from pre values as determined by a paired samples

t-test (N=14).
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Fig. 4.
FMD (left column) and FMD/shear rate (right column) pre and post the 7-week intervention

of beef (top) and bison meat (bottom). The bold line represents the mean value. Note that the
effect of chronic beef consumption on FMD is more consistent than the effect of chronic
bison consumption. Furthermore, expressing FMD relative to shear rate reduces the
variability in dilation with beef, but not bison. * indicates a significant difference from pre
values determined by a paired samples t-test (N=9).
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Subject Characteristics

Table 1

Age (yrs)

Height (cm)

Weight (cm)

Body Mass Index (Kg/m?)

Body Fat (%)

34.0+113
1774 +6.1
82.1+14.9
247+438

183+7.7

Data expressed as means + SD (n = 14).
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Table 2

Fatty acid composition and index of atherogenicity (1A) for beef and bison steaks and roasts

Steaks Roasts

Beef Bison Beef Bison

Total Fat Wt%)  ga+16% 29%17  g5gi13* 2608

SFA (%) 4ag+28% 39310 41143  384%31
PUFA (%) 49+08% 170224  754.16% 14828
MUFA (%) 481+29% 426%26 49523 44938

Omega -3 (%) 0.3+0.2 * 1.3+0.7 04+ 0_2* 09+01
Omega -6 (%) 46+087 157+21 68+15" 14027

Omega 6/3 ratio 19.1+10.4 154 +83 17.2+5.1 158+2.1
1A 064+012° 036+002 (574+004% 035+0.16

Data expressed as means + SD. Total fat (n=8) is expressed as concentration (g/100g meat) and the remaining variables (n=5) are expressed as a
weight% of total fat. SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; MUFA, monounsaturated fatty acid; 1A, Index of Atherogenicity
was calculated as previously described [36].

*
Indicates a significant difference in that fatty acid between beef and bison for that specific cut of meat, as indicated by independent samples t-test.
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Table 3

Fatty acid composition of beef and bison steaks and roasts

Steaks Roast
Fatty Acid  beef Weight %  bison Weight %  beef Weight %  Bison Weight %

14:0 2.28+0.63" 111+011 2.26+0.90 " 1.08+0.08
14:1 0.19£0.07 0.14£0.03 0.3740.08 % 0.17 £0.04
15:0 0.43+0.12 0.31+0.05 0.39+0.10 0.35+0.07
15:1 0.1140.03 % 0.16£0.01 0.11+0.06 0.19+0.03
16:0 24.33+1.41% 16.99:0.65 22.48+3.60% 16.31£1.15
16:1 246+028% 1.62+0.22 257+0.73 2.0240.39
17:0 1.5040.27* 1.1620.12 1.190.28 1.270.14
17:1 0.9240.14* 0.64£0.10 0.80+0.28 0.78£0.14
18:0 16.27+1.47% 19.74+0.58 14.74+2.98 19.40+2.60
18:1t9 0.3920.23 0.330.20 0.38+0.25* 0.790.09
18:1t10 0.37+0.13 0.58+0.37 1.52+2.00 0.74+0.16
18:1t11 2.41+2.44 1.20£0.65 2.856+1.70% 0.75+0.20
18:1t12 0.15+0.08 0.18+0.02 0.544+0.38 0.41+0.07
18:1t13 0.23+0.13 0.25+0.08 0.30+0.30 0.68+0.14
18:1c9 39.11+5.14 35.41+2.81 38.07+4.49 35.87£3.77
18:1cl1 1.53+0.45 1.83+0.07 1.64+0.44 1.98+0.22
18:1¢12 0.22+0.05 0.2020.04 0.32+0.08* 0.4320.02
18:2n6 3.354054% 11.72+151 519+1.24% 10.151.62
18:3n3 0.18+0.09™ 0.610.29 0.25+0.08* 0.490.02
CLACcOt11 0.36+0.10 0.48+0.09 0.54+0.28 0.25+0.02
20:4n6 0.86+0.36 ™ 3.52+0.62 1.0540.30* 3.57+1.14
20:5n3 0.0740.07* 0.51+0.34 0.11x0.10 0.22+0.06
22:6n3 0.02+0.01% 0.16+0.07 0.03+0.01* 0.1420.03

Weight percentage for fatty acids expressed as mg of fatty acid per 100 mg of total fatty acid. Data expressed as Means + SD (n=5).

*
Significantly different than bison meat.
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Table 4

Page 22

Dietary recall, physical activity and physical characteristics of subjects before and after each 7 week dietary

intervention

Pre beef Post beef ~ Prebison  Post bison
Total calorie intake (kcal/day) 2597 £770  2828+713  2647+998 2773708
Protein (g/day) 130462 138+54 124471 184461 %
Carbohydrate (g/day) 360+145 321+92 348+171 268+76
Fat (g/day) 70426 11081 83+30 84+35
Saturated fat (g/day) 32426 45+33 % 28+21 33+23
Physical activity (minutes) 52.2421.2  53.9+21.6  46.4+17.1 47.8+19.7
Weight (kg) 80.8+16.9 80.0+17.4 81.0+182 81.1+17.9
Body Fat (%6) 183+7.7 179+73 181+75 17.3+82
BMI (kg/m?) 256+5 253+51 256%54 259+52

Data expressed as means + SD (N=9).

*
indicates significant difference from pre to post intervention for that specific meat as indicated by paired samples t-test.
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