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 Introduction

Bison (Bison bison) herds are kept commercially 
in North America for meat production. Their meat is 
valued both domestically and internationally as an alter-
native high protein, game meat (Marchello and Driskell, 
2001; Galbraith et al., 2006). When available, bison can 
be sold fresh in steaks and burger patties at grocery 
stores. However, fresh bison meat discolors faster than 
beef (Janz et al., 2000; Dhanda et al., 2002; Pietrasik et 
al., 2006). This may be due to the higher pigment con-
centration and polyunsaturated fat content promoting 
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oxidative instability in the meat (Galbraith et al., 2016). 
As consumers use meat color as a sign of freshness and 
wholesomeness (Mancini and Hunt, 2005), a reduction in 
color stability in bison may result in costly losses to retail 
revenue due to discounts or discarded product.

Recently developed technology (Vacuum Skin 
Package, FreshCase; Curwood Inc., Oshkosh, WI) in-
corporates small quantities (25 to 113 mg × m–2) of sodi-
um nitrite into the film during manufacturing. Normally, 
deoxymyoglobin (Mb) and oxymyoglobin (OMb) are 
oxidized to metmyoglobin (MMb) under partial pres-
sures of oxygen which would occur in polyvinyl chlo-
ride film (PVC) overwrapped packaging environments 
sometime after the initial bloom. MMb is a major con-
tributor to discoloration of meat (Mancini and Hunt, 
2005). The nitrite embedded in the film can, however, 
cause nitrosylation of the Mb to form nitrosomyoglo-
bin (NOMb), which is bright red in color. Consequently, 
sodium nitrite coated films when vacuum sealed have 
been shown to improve color stability in beef (Claus 
and Du, 2013). The aim of the present study was to de-
termine if the problem of early retail browning in bison 
can be mitigated using FreshCase packaging film.

Materials and Methods

Sample collection

Commercially finished bison bulls (n = 40; 481 ± 
60 kg live weight; 26 to 30 mo of age) were slaughtered 
at the Lacombe Research and Development Center ab-
attoir following the humane practices described in the 
Canadian Council of Animal Care (2009); the study was 
approved by the Lacombe Research and Development 
Center Animal Care Committee (2012F029R). Further 
details on carcass evaluation and procurement of sam-
ples were reported by Ding et al. (2016). Following 
carcass splitting, within 45 min of exsanguination, high 
voltage electrical stimulus (HVES; 400 V peak, 5 ms 
pulses at 15 pulses s–1 for 30 s) was applied to each right 
carcass side. Longissimus lumborum (LL) from the left 
and right sides from bison carcasses (n = 40) were ex-
tracted 48 h postmortem. The muscles were squared off 
and extraneous fat was trimmed from muscles exposing 
the overlying connective tissue. The trimmed LL was cut 
into 3 equal portions (approximately 10 cm). Individual 
portions (cranial, mid and caudal) balanced between 
muscle locations were assigned to an aging period of 6, 
13, or 20 d postmortem. Muscle portions were weighed, 
vacuum packaged and kept in a cooler (2°C with wind 
speeds of 0.5 m × sec–1) for the designated aging period. 

Remaining end portions of the right and left LL were 
pooled and finely comminuted (Robot Coupe Blixir 
BX3, Robot Coupe USA Inc., Ridgeland, MS) and fro-
zen (–80°C) prior to analysis. Ground meat was analyzed 
for protein, moisture and fat (AOAC, 1995a, 1995b) with 
CEM rapid analyzer systems (Sprint Protein Analyzer 
Model 558000, Smart Turbo Moisture Analyzer Model 
907990, and Smart Trac Fat Analyzer Model 907955; 
CEM Corporation, Matthews, NC). A sample of ground 
meat was analyzed for pigment concentration as de-
scribed by Lindahl (2011). Briefly, samples were pre-
pared by thoroughly homogenizing 2.5 g of sample in 
25 mL of phosphate buffer (0.04 M) and filtering through 
Whatman 1 filter paper. A 0.5-mL aliquot of filtrate was 
added to 3.5 mL of phosphate buffer (0.04 M), 1.4 mL 
of Triton X-100 and 0.1 mL Sodium Nitrite (0.065 M). 
Spectrophotometer readings were then collected from 
prepared samples using the wavelengths 730 nm and 409 
nm. Additionally, tocopherol determinations were com-
pleted on ground meat using fluorescence HPLC (Waters, 
Separation Module e2695 equipped with a Photodiode 
Array Detector 2998 and Multi-wavelength Fluorescence 
Detector 2475; Waters Corporation, Milford, MA) ac-
cording to Hewavitharana et al. (2004); this method de-
termines the concentration for all tocopherol and tocot-
rienol homologs in meat. Finally, fatty acid composition 
was determined from ground meat following extraction, 
methylation (Kramer et al., 1997), and gas chromatogra-
phy [GC analyses (Cruz-Hernandez et al., 2004; Cruz-
Hernandez et al., 2007; Kramer et al., 2008)]. For fatty 
acid analysis, intramuscular lipids were extracted from 
LL ground meat using a chloroform–methanol mixture 
(2:1, v/v) according to Folch et al. (1957). Aliquots of 
LL lipids (10 mg) were methylated separately using acid 
(5% methanolic HCl) and base (0.5 N sodium methox-
ide) reagents (Kramer et al., 2008). Internal standard, 1 
mL of 1 mg c10–17:1 methyl ester/ml toluene (standard 
no. U-42M form Nu-Check Prep Inc., Elysian, MN), 
was added before the addition of methylating reagents. 
Fatty acid methyl esters (FAME) were analyzed by GC 
using the temperature programs described by Kramer et 
al. (2008). The FAME (1 μL) were injected at 0.25 mg/
ml in hexane using a 20:1 split onto a CP-Sil88 column 
(100 m, 25 µm ID, 0.2 µm film thickness) in a CP-3800 
gas chromatograph equipped with an 8600-series auto-
sampler (Varian Inc., Walnut Creek, CA). Hydrogen was 
used as the carrier gas under constant pressure (25 psi, 
initial flow rate of 1.9 mL/min). Injector and flame ion-
ization detector temperatures were held at 250°C.

For the identification of FAME by GC, reference 
standard no. 601 (Nu-Check Prep Inc, Elysian, MN) 
was used. Branched-chain FAME were identified us-
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ing a GC reference standard BC-Mix1 acquired from 
Applied Science (State College, PA). For conjugated 
linoleic acid (CLA) isomers, the UC-59M standard 
from Nu-Chek Prep Inc. was used which contains all 
four positional CLA isomers. Trans-18:1, CLA and 
other biohydrogenation intermediates not included in 
the standard mixtures were identified by their reten-
tion times and elution orders as reported in literature 
(Cruz-Hernandez et al., 2004; Kramer et al., 2008; 
Gómez-Cortés et al., 2009; Vahmani et al., 2016). The 
FAME were quantified using chromatographic peak 
area and internal standard based calculations. Fatty ac-
ids were expressed as a percentage of total fatty acids.

At 48 h postmortem, 150 g of subcutaneous (SQ) fat 
and 850 g of rhomboideus (RH) muscle from both carcass 
sides were collected and individually vacuum packaged 
in a nitrite-free film. The RH muscle was placed into a 
cooler while SQ fat removed from over the LL was fro-
zen at –35°C until 13 d postmortem. These samples were 
used for manufacturing burger patties, as described below.

Packaging

Following 6, 13, and 20 d aging, two 2.5 cm LL 
steaks were cut using aseptic technique to minimize 
contact with the steak surface. One steak was weighed 
and placed onto a polystyrene tray with a dri-loc pad 
(UZ Soaker Ultra Zap Pads, Paper Pak Industries 
Washington, GA), over-wrapped with a polyvinyl chlo-
ride oxygen permeable film (8,000 mL × m–2 24 h–1 
vitafilm choice wrap; Goodyear Canada Inc.; CONT); 
the second steak was pre-weighed onto a polyethyl-
ene tray with a dric-loc pad and vacuum skin pack-
aged with 113 mg × m–2 nitrite embedded vacuum skin 
oxygen impermeable film (NIT; Vacuum Skin Package, 
FreshCase; Curwood Inc., Oshkosh, WI; 0.1 mm thick-
ness, water vapor transmission rate < 0.5 g/645 cm2/24 
h) using a Multivac Tray Sealer T200 (Multivac Inc.; 
Wolfertschwenden, Germany). The final pressure in the 
packaging environment was set to 1 kPa.

At 13 d two 140-g patties (11.5 cm diameter × 0.64 
cm thick) were formed from each carcass side with 
ground lean of the RH muscle and SQ fat (lean 85%, 
subcutaneous fat 15%) using a single hamburger press 
(Cabelas, Sydney, NE). Two patties from each carcass 
were placed into either the CONT or NIT packaging in 
the same manner described above.

Retail evaluation

Following packaging, steaks were placed into a fan 
assisted, horizontal (chest type) retail display case (Hill 

Refrigeration of Canada Ltd., Barrie, ON) under fluores-
cent room lighting (GE deluxe cool white F40CWC41/
ECO; GE, Bucyrus, OH) and incandescent lighting 
directly above the display case [Philips Halogen Par 
38 lamp (90 W, 120 V) spaced 91.5 cm apart; Philips 
Lighting Company, Somerset, NJ]. The lighting had 
an intensity of 1020 lux at the meat surface for 14 h × 
d–1 (Jeremiah and Gibson, 2001). For the remaining 
10 h d–1 s, the direct display case lights were shut off 
and the fluorescent room lights remained on. Prior to 
collecting objective color measures from one packag-
ing type, the spectrophotometer (Minolta CM-700D 
with SpectraMagic NX Lite Color Data Software CM-
S100w Version 2, illuminant C and 2° observer, 3 mm 
aperture; Minolta Canada Inc., Mississauga, ON) was 
calibrated to each packaging type. The calibration block 
was wrapped in the packaging material (CONT or NIT) 
and calibrations were performed according to manufac-
turer directions. At 0, 2, and 4 d of retail display, steak 
subjective and objective color [CIE L*- brightness; a*- 
red-green axis; b*- yellow-blue axis; (CIE, 1978)] were 
assessed through the packaging material. Hue (Hab = 
arctan [b*/a*]) and Chroma (Cab = [a*2 + b*2]0.5) were 
calculated from collected measures. Approximately 1 h 
after placing samples into retail display (0 d) objective 
color was measured in triplicate. To approximate the 
myoglobin oxidative states, spectral reflectance read-
ings were collected along with objective color measures 
and converted to a reflex attenuance (Shibata, 1966). 
Interpolation of isobestic points for 473, 525, 572, and 
730nm from the reflex attenuance were calculated and 
converted to absorption values (the logarithm of the 
reciprocal for these reflectance values). These absorp-
tion values were used to calculate a1 = (A572 – A700) / 
(A525 – A700) and a2 = (A473 – A700) / (A525 – A700). 
Finally, a1 and a2 were used to calculate relative contents 
of metmyoglobin (MMb = 1.395 – a1), deoxymyoglobin 
(Mb = 2.375 × [1– a2]) and oxymyoglobin (OMb = 1 – 
[MMb + Mb]; Krzywicki, 1979). In addition to the pro-
portions of myoglobin forms, the ratio of reflectance val-
ues obtained at 650 nm and 570 nm were calculated for 
NIT packaged meats. The 650 nm / 570 nm ratio gives an 
indication of the amount of NOMb in cured meat prod-
ucts (American Meat Science Association, 2012); it was 
expected this value would increase after exposure to the 
NIT film. After these measures were obtained, steaks un-
der the different packaging conditions were subjectively 
evaluated by an established 5-member meat sensory 
panel for lean color using an 8-point scale (1 = light pink 
and 8 = extremely dark red, with 5 = bright cherry red) 
and percent surface discoloration using a 7-point scale 
(1 = no surface discoloration and 7 = complete surface 
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discoloration; Basarab et al., 2007). Lean color score 
assignments were based on standards using Munsell 
color tiles developed at the Lacombe RDC originally 
used for beef. The panelists selected for this study had 
been screened and trained according to American Meat 
Science Association (2012), with additional training for 
evaluation of discoloration. Prior to the present study the 
panelists had participated in multiple studies and refresh-
ing training sessions for visually assessing beef under re-
tail conditions. For the present study panelists received 
two 1-h training sessions specifically on bison retail 
samples at various stages of discoloration (8 to 10 bison 
steak samples each time). At 0, 2, and 4 d under retail 
conditions panelists scored the appearance of each steak 
and burger patty; for these evaluations meat was kept 
in packaging. Panelists scored all packages in the retail 
display case each day (20 to 40 steaks and 40 burger pat-
ties were scored for each day of evaluation) and were 
allowed to break as needed to prevent fatigue. Objective 
and subjective evaluations were repeated at 2 and 4 d of 
retail display. Following color measurements obtained at 
4 d retail display, a final weight of the steak was recorded 
to determine steak drip-loss. Steaks were cooked to an 
internal end-point temperature of 71°C and peak shear 
force was determined on a 19 mm core perpendicular to 
the fiber grain (TA-XT Plus Texture Analyzer equipped 
with a Warner-Bratzler shear head at a crosshead speed 
of 200 mm min–1 and a 30-kg load cell using Texture 
Exponent 32 Software; Texture Technologies Corp., 
Hamilton, MA; Ding et al., 2016).

Following packaging, all burger patties were put in 
retail display cases for objective and subjective color 
measurements at 0, 2, and 4 d as described above. In 
addition to measures of color, at 0 and 4 d in retail dis-
play, one patty from each carcass and packaging treat-
ment was removed from the packaging, thoroughly 
homogenized (Robot Coupe Blixir BX3, Robot Coupe 
USA Inc., Ridgeland, MS) and thiobarbituric acid reac-
tive substances (TBARS) were determined from 10-g 
aliquots of ground mixture as a measure of lipid oxi-
dation (Nielsen et al., 1997). Briefly, the samples were 
added to 30 mL of 7.5% TCA, homogenized, and fil-
tered through Whatman 5 filter paper; 2.5 mL of filtrate 
were then collected and incubated at 94°C for 40 min. 
Spectrophotometer readings at 531 nm were obtained 
from incubated samples. The TBARS concentrations 
for samples were then calculated from a standard curve.

Statistical analysis

The means and standard deviation of measures ob-
tained from ground meat (proximate, tocopherol, pig-

ment concentration, and fatty acid composition) were 
calculated using SAS (SAS Inst. Inc., Cary, NC). All 
other data were analyzed using a Mixed Effects Model, 
with the packaging treatment, and for the measures from 
steaks, whole muscle aging duration as main effects; 
time in retail was included in all models as a repeated 
measure with an auto regressive covariance structure. 
Individual carcasses and side × carcass were included 
as random factors. For all models the denominator de-
grees of freedom were adjusted using Kenward-Roger 
procedure and least square means were separated (F 
test, P < 0.05) by using least significant differences 
generated by the PDIFF option. The HVES and interac-
tions to the treatments were included as a fixed effect 
in initial models, however, these factors did not have a 
significant effect on any characteristics measured here. 
Hence, the HVES was removed as a fixed effect and 
carcass side was included as a random effect.

Results and Discussion

Fatty acid and proximate composition  
of bison loin and burgers

Overall composition and fatty acid profile of the bi-
son loins are presented in Table 1. Paralleling the visual 
perception of marbling (Ding et al., 2016), the total pro-
portion of chemically determined fat was relatively low 
compared to beef (Galbraith et al., 2016), with a mean 
overall fat content in bison loin of 18.9 mg × g–1 (range 
7.5 – 44.1 mg × g–1). Pigment concentration averaged 
10.02 mg × g–1 (range: 7.71 – 12.28 mg × g–1). Galbraith 
(2011) reported pigment levels in bison averaged 8.45 mg 
× g–1 from the LL, which were higher than those found in 
beef 6.87 mg × g–1. The primary structure of bison and 
beef myoglobin have 100% similarity in amino acid se-
quence (Joseph et al., 2010). Thus, the pigment structure 
does not likely contribute to poor color stability in fresh 
bison meat. Rather, poor color stability in bison meat is 
likely the result of the higher pigment content, difference 
in postmortem oxygen consumption and metmyoglobin 
reducing ability (Suman and Joseph, 2013). In addition, 
oxidative stability at retail can be affected by the fatty 
acid composition of the meat (Aalhus and Dugan, 2014). 
Although total saturated fatty acids (SFA) and monoun-
saturated fatty acids (MUFA) in the present study were 
similar to those reported for a different bison popula-
tion by Galbraith (2011), the total polyunsaturated fatty 
acid (PUFA) content was lower (9.32%) in the current 
study using feedlot finished bison versus those reported 
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by Galbraith (2011) for grass finished animals (21.11%). 
The PUFA content in the present study was closer to lev-
els reported for typical feedlot finished beef (6.43%) in 
Galbraith (2011). Therefore it appears the fatty acid com-
position of bison meat is influenced by diet, as it is with 
beef. Animal diet needs to be considered when gener-
alizing about the healthfulness of bison meat. It is also 
worth noting the fatty acid profile of bison in the present 
study had a higher n-6: n-3 than that observed previously 
in grain finished beef (Galbraith et al., 2016). In the con-
text of meat color, PUFA are generally unstable in the 
postmortem environment and can contribute to oxidative 
instability (Aalhus and Dugan, 2014). Oxidative instabil-
ity in fatty acids may also have an effect on the oxidative 
state of myoglobin leading to a more rapid deterioration 

of meat color (Wood et al., 2004; Faustman et al., 2010). 
The total tocopherol concentration from the meat aver-
aged 1.13 µg × g–1 (range: 0.66 to 2.47 µg × g–1). This 
is low relative to the concentrations found in meat from 
grass fed bison (3.47 µg × g–1) and grain finished beef 
(2.20 µg × g–1; Galbraith et al., 2016). In lamb, concentra-
tions of vitamin E in muscle below 3 µ × g–1 has resulted 
in a higher rates of lipid oxidation (Ponnampalam et al., 
2014). Proximate analysis of the ground lean and fat used 
to manufacture burger patties had an average fat content 
of 114.6 ± 22.2 mg × g–1 (range: 70.2 to 169.5 mg × g–1).

Effect of NIT packaging on steak shear force, 
cook time, drip, and cooking losses

The shear force measured from NIT packaged 
steaks, after retail display, was not significantly differ-
ent than CONT steaks (CONT 7.74, NIT 7.79 ± 0.33 
kg; P = 0.708); cook time was also similar between 
the packaging treatments (CONT 6.4 s × g–1, NIT 6.7 
s × g–1 ± 0.2 s × g–1; P = 0.102). However, there was 
a higher retail drip loss associated with CONT pack-
aging compared to NIT (CONT 40.1, NIT 37.5 mg × 
g–1 ± 1.0, P = 0.001); this appeared to be offset by 
slightly higher cooking losses (CONT 209, NIT 215 ± 
1 mg × g–1, P = 0.022). NIT packaging does not appear 
to have any detrimental effect on shear force, cooking 
time, drip loss and cooking loss.

Effect of NIT on burger patty lipid oxidation

There was a significant interaction between packag-
ing and retail display period for measures of TBARS 
(P < 0.001; Table 2). TBARS, were unchanged in NIT 
packaged burger patties after 4 d in retail, while in CONT 
packaging, TBARS increased significantly. Galbraith et 
al. (2016) observed a similar increase in TBARS from 
bison steaks when aged for 3 d under retail conditions 
in aerobic packaging conditions. The TBARS were 
measured as an indicator of lipid oxidation; the present 
results indicate the use of NIT was effective in reduc-
ing lipid oxidation occurring in bison burger patties. It 
is highly likely the lower lipid oxidation in NIT pack-
aging resulted from the oxygen impermeability of the 
film. Pietrasik et al. (2006) observed that beef stored 
in vacuum packaging without embedded nitrite did not 
have a significant increase in TBARS over 3 wk of stor-
age. While sensory characteristics were not measured 
here, the present result may also have implications for 
the eating quality of bison patties as higher levels of 
lipid oxidation in beef has been associated with higher 
perception of rancid flavors (Resconi et al., 2012).

Table 1. Overall compositional analyses with standard 
deviation (SD) of bison loin (n = 40)
Trait Mean SD Minimum Maximum
Composition, mg × g–1

Moisture 738.0 11.9 699.5 760.1
Fat 18.9 7.9 7.5 44.1
Protein 201.4 7.9 185.8 217.0
Pigment, mg × g–1 10.02 1.15 7.71 12.28
Tocopherol, mg × g–1 1.13 0.31 0.66 2.47

Fatty acid, %
SFA1 42.76 1.95 38.93 46.97
Total MUFA2 47.24 3.88 36.34 54.26
cis-MUFA 44.53 3.42 34.40 50.70
trans-MUFA 2.71 0.46 1.94 3.56
Total PUFA3 9.32 3.46 4.42 22.36
n-6 8.42 3.03 4.17 20.50
n-3 0.90 0.43 0.25 1.86
SFA:PUFA 4.59 0.56 2.10 8.81
BCFA4 1.49 0.15 1.21 1.93
AD5 0.41 0.11 0.19 0.66
CLA6 0.20 0.05 0.09 0.34
CLnA7 0.07 0.03 0.03 0.17

1Saturated fatty acids (SFA) include C14:0, C15:0, C16:0, C17:0, 
C18:0, C19:0, C20:0, C22:0, C23:0, C24:0.

2Monounsaturated fatty acids (MUFA) include the cis-MUFA (c9–14:1, 
c9–15:1, c7–16:1, c9–16:1, c11–16:1, c9–17:1, c9–18:1, c11–18:1, c12–
18:1, c13–18:1, c14–18:1, c15–18:1, c16–18:1, c9–20:1, c11–20:1) and 
the trans-MUFA (t6-t8–18:1, t9–18:1, t10–18:1, t11–18:1, t12–18:1, t13-
t14–18:1, t15–18:1, t16–18:1).

3Polyunsaturated fatty acids (PUFA) include the n-6 (C18:2n-6, 
C18:3n-6, C20:2n-6, C20:3n-6, C20:4n-6, C22:4n-6) and n-3 (C18:3n-3, 
C22:3n-3, C20:5n-3, C22:5n-3, C22:6n-3) fatty acids.

4Branched chain fatty acids (BCFA) include C15:0iso, C15:0anti-
iso,C16:0iso, C17:0iso, C17:0anti-iso, and 18:0iso.

5Atypical dienes (AD) include c9t13–18:2, t8c12–18:2, t8c13–18:2, 
c9t12–18:2 and c9,c15–18:2.

6Conjugated linoleic acid (CLA) includes isomers of 18:2 (t12,t14; 
t11,t13; t10,t12; t9,t11; t8,t10; t11,c13; t10,c12; c9,t11; t8,c10; and t7,c9).

7Conjugated linolenic acid (CLnA) includes c9,t11,c15–18:3.
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Effect of NIT on myoglobin state  
for steaks and burger patties

In the present study there was a significant 3-way 
interaction between the packaging type, whole muscle 
aging duration and retail display period for Mb, OMb, 
and MMb calculated from measurements collected 
from steaks (P < 0.0001). A significant interaction 
between packaging type and retail display period was 
also found for Mb, OMb, and MMb measured on the 
surface of the burger patties (P < 0.0001). Mb, when 
exposed to a sufficient partial pressure of oxygen 
forms OMb; meat with high proportions of OMb has 
a bright cherry-red color. Oxidation of OMb or Mb 
produces MMb, resulting in a change from bright red 
to brown (Mancini and Hunt, 2005).

Proportions of Mb were negligible in the CONT 
packages with all whole muscle aging durations and re-
tail display periods (Fig. 1a). This is likely due to rapid 
oxygenation of Mb with aerobic packaging. In the NIT 
packaging, the proportion of Mb increased through the 
retail display period in steaks aged 6 and 13 d. Since the 
film used for NIT steaks was oxygen impermeable, it is 
perhaps unsurprising to see a larger proportion of myo-
globin in the Mb state. NIT steaks aged 20 d had a lower 
proportion of Mb at 0 d retail display than NIT steaks 
aged 6 or 13 d. After 4 d under retail conditions, the 
proportion of Mb had increased in NIT steaks aged 20 
d, however, the proportion of Mb was still lower than 

steaks aged for 6 and 13 d after the same retail aging. 
In burger patties, similar to steaks, the Mb proportions 
from CONT burger patties were negligible through the 
retail display, while in NIT packaging Mb proportions 
were higher and there was a significant increase in Mb 
after 4 d under retail conditions. The change in Mb in 
NIT packaged steaks over the retail display contrasts 
with results observed by Li et al. (2012) where LL steaks 
from beef in vacuum packaging and vacuum skin pack-
aging, with no embedded nitrite in the films, showed 
a decline in Mb over retail display. It is unclear if the 
embedded sodium nitrite present in the NIT packaged 
steaks of the present study contributed to this increase, 
as the sodium nitrite free-vacuum packaging systems 
were not evaluated in the present study.

The proportion of OMb decreased in CONT pack-
aged steaks over the retail display period; this decrease 
was greater in magnitude for steaks aged for 13 and 20 
d prior to retail display (Fig. 1b). Again, initially high 
OMb proportions were likely due to rapid oxygenation 
of Mb to OMb under aerobic conditions. The decline in 
the proportion of OMb in CONT packaging at 2 and 4 d 
under retail conditions was likely caused by the oxidizing 
environment under oxygen permeable packaging condi-
tions (Faustman et al., 2010). As the calculations for the 
proportion of OMb were determined from the difference 
between all myoglobin forms and Mb + MMb, the OMb 
proportions calculated for the NIT packaged meat were 
not negligible as may be expected from a vacuum sealed 

Table 2. Thiobarbituric acid reactive substances (TBARS), subjective color measures, objective color measures and 
proportion of pigments from bison burgers under retail display conditions in polyvinyl chloride film overwrapped 
packaging (CONT) or vacuum skin packaged with 113 mg × m–2 nitrite embedded vacuum skin oxygen imperme-
able film (NIT). Burgers were exposed to 14h d–1 of direct overhead incandescent lighting (1020 lux)

 
Retail display period, d

CONT NIT  
SEM

 
P-value0 2 4 0 2 4

TBARS, µmol × L–1 0.22b 1.24a 0.22b 0.20b 0.05  < 0.0001
Mb1 –0.01d 0.00cd 0.02c 0.29b 0.29b 0.36a 0.02  < 0.0001
OMb1 0.74a 0.62b 0.53c 0.34f 0.45d 0.39e 0.02  < 0.0001
MMb1 0.27c 0.37b 0.459a 0.37b 0.26cd 0.25d 0.01  < 0.0001
650nm/570nm2 – – – 1.59b 1.96a 1.96a 0.02  < 0.0001
Lean3 5.42e 6.38d 7.01b 7.16a 6.48cd 6.52c 0.06  < 0.0001
Discoloration4 1.02c 1.66b 3.73a 1.00c 1.10c 1.05c 0.07  < 0.0001
L* 52.92a 51.68b 50.43c 51.88b 52.09b 51.98b 0.22  < 0.0001
Chroma, % 13.33a 10.49b 8.83d 8.26e 10.40b 10.00c 0.19  < 0.0001
Hue, ° 39.67d 49.03b 53.92a 47.24c 38.98d 38.66d 0.51  < 0.0001

a–fMeans within the same measurement variable not sharing a common letter were significantly different (P < 0.05).
1Mb, OMb, and MMb proportions were calculated according to reflex attenuation at 730nm (Krzywicki, 1979).
2The ratio of reflectance values is indicative of the amount of NOMb formed on the burger patty surface (American Meat Science Association, 2012).
3Eight point descriptive scale indicating the subjective score of lean color (1 = light pink and 8 = extremely dark red, with 5 = bright cherry red).
4Seven point descriptive indicating the approximate percent of meat surface which was discolored (1 = 0%; 2 = 1 to 10%; 3 = 11 to 25%; 4 = 26 to 50%; 

5 = 51 to 75%; 6 = 76 to 99% and 7 = 100% discoloration) following 3 d of retail display.
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packaging. The proportion of OMb calculated for NIT 
steaks were lower than in CONT steaks, and showed the 
highest proportions at 2 d under retail display. The peak 
proportion of OMb for NIT steaks at 2 d was greatest for 
steaks aged 20 d prior to retail display. The same pattern 

was observed with the burger patties, where there was a 
decline in the initially high OMb of CONT patties and 
NIT patties showed a peak in proportion occurring at 2 d 
under retail conditions. As discussed in the introduction, 
the nitrite embedded in the NIT film dissolves as nitric 
oxide at the surface of the meat and binds to the myoglo-
bin, resulting in a fixed red color from the NOMb (Siegel, 
2011). The NOMb has been shown to have absorption 
maxima close to those for OMb (Millar et al., 1996). The 
absorption maxima for NOMb have been measured at 
421 nm, 548 nm, and 579 nm; the maxima for OMb have 
been observed at 418 nm, 544 nm, and 582 nm (Millar 
et al., 1996). Given that the NIT packaging is oxygen 
impermeable, it is likely a large portion of the OMb cal-
culated in the NIT steaks was actually NOMb. 

Using the ratio of reflectance values collected at 650 
nm / 570 nm as an indication of NOMb, there was a sig-
nificant interaction between whole muscle aging period 
and retail display (P < 0.0001). The largest increase in this 
ratio (indicating a higher proportion of NOMb) occurred 
between 0 and 2 d under retail display for all aging dura-
tions. Steaks aged for 13 or 20 d had a slightly higher 650 
nm / 570 nm ratio by 2 d in retail conditions than steaks 
aged 6 d (6 d: 1.48 – 1.67 ± 0.01, 13 d: 1.46 – 1.70 ± 0.01, 
20 d: 1.46 – 1.70 ± 0.01). Between 2 and 4 d retail display, 
the NOMb did not increase further in the steaks aged 13 
and 20 d (13 d: 1.70 – 1.69, 20 d: 1.75 – 1.73; P > 0.05), 
while there was a slight increase in the NOMb of steaks 
aged 6 d (1.67 – 1.70 P < 0.05). A very similar pattern 
was observed for NIT packaged burger patties (Table 2). 
These results suggest the nitrosylation of myoglobin at the 
meat surface largely occurs within 2 d. This is consistent 
with the product indications which suggest allowing NIT 
packaged meat to cure for 12 to 60 h prior to display.

The MMb increased through the retail display pe-
riod for CONT packaged steaks, to a greater extent in 
steaks aged 13 and 20 d prior to packaging. The MMb in 
NIT packaged steaks, however, declined over the retail 
display period; with the largest decline in MMb occur-
ring between 0 and 2 d retail display for all whole mus-
cle aging periods. A very similar pattern was observed 
between packaging treatments and the retail display 
period with the burger patties. The oxidation of OMb 
to MMb is thought to be influenced by several factors 
for meat, including the partial pressure of oxygen and 
the degree of lipid oxidation (Faustman et al., 2010). 
Lipid oxidation increases with aging duration for beef 
stored in vacuum sealed conditions prior to retail display 
(Vitale et al., 2014); therefore, the greater MMb pres-
ent after 4 d under retail conditions for CONT packaged 
steaks aged 13 and 20 d could be the result of greater 
lipid oxidation driving the oxidation of OMb to MMb. 

Figure 1. Proportions of myoglobin in the a) deoxymyoglobin, b) 
oxymyoglobin, and c) metmyoglobin oxidation states through a 4 d retail 
display from steaks packaged in vacuum-sealed film containing embed-
ded sodium nitrite (NIT) or oxygen permeable polyvinyl chloride film 
(CONT); steaks were obtained from bison longissimus lumborum aged 6, 
13, or 20 d. a–kMeans within the same measurement variable not sharing a 
common letter were significantly different (P < 0.05). The proportions of 
deoxymyoglobin calculated for CONT steaks was ≤ 0 for all whole muscle 
aging durations and as such, values are not shown a). Deoxymyoglobin, 
oxymyoglobin and metmyoglobin proportions were calculated according 
to reflex attenuation at 730 nm (Krzywicki, 1979). Steaks were exposed to 
14h d–1 of direct overhead incandescent lighting (1,020 lux).
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The MMb present at 0 d under retail conditions in the 
NIT packaged steaks and burger patties for all aging du-
rations was higher than the CONT packaged meat. As 
measurements were obtained after only 1 h in packaging, 
the higher MMb concentration in NIT packaging may 
be the result of residual oxygen in the packaging; the 
very low, but not absent levels of oxygen in packaging 
(i.e., ~1%) favors oxidation to MMb. However, as resid-
ual oxygen is thought to be rapidly consumed in vacuum 
packaging, this could explain why MMb declined by 2 
d under retail conditions. The oxidation to MMb may 
also be promoted by the higher concentration of myo-
globin in bison meat (Johnson, 1991). In the presence of 

NO, MMb can also change state to nitrosometmyoglo-
bin, which has a red-brown color (Schwartz et al., 2009); 
this could also potentially explain the observed decline 
in MMb of NIT packaged steaks and burger patties from 
0 d to 2 d under retail conditions.

Effect of NIT on retail characteristics  
for steaks and burger patties

For subjective retail evaluations of lean steak color, 
a significant 3-way interaction was found between pack-
aging × whole muscle aging × retail display period (P < 
0.0001; Fig. 2). For each whole muscle aging period, at 

Figure 2. Color measures obtained from bison steaks packaged in vacuum-sealed film containing embedded sodium nitrite (NIT) or oxygen perme-
able polyvinyl chloride film (CONT) through a 4 d retail display; steaks were obtained from bison longissimus lumborum aged 6, 13 or 20 d. Steaks were 
assigned subjective scores for lean color using an eight point descriptive scale (1 = white and 8 = extremely dark red, with 5 = bright cherry red) and for 
approximate percent of meat surface which was discolored using a 7 point descriptive scale (1 = 0%; 2 = 1 to 10%; 3 = 11 to 25%; 4 = 26 to 50%; 5 = 51 to 
75%; 6 = 76 to 99% and 7 = 100% discoloration). a–hMeans within the same measurement variable not sharing a common letter were significantly different 
(P < 0.05). Steaks were exposed to 14h d–1 of direct overhead incandescent lighting (1020 lux).
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0 d retail display, the NIT packaged steaks were rated as 
having a darker red color than CONT packaged meat. In 
general, NIT packaged steaks shifted from darker to light-
er red, while CONT steaks shifted from lighter to darker 
red during retail display, but these changes were attenuat-
ed between 2 and 4 d of retail display when whole muscle 
cuts were aged for a longer period (i.e., 20 versus 6 d). 
Scores of lean coloration for CONT steaks aged 20 d, de-
creased to a greater extent than the steaks aged for 6 or 13 
d. At 0 d under retail conditions NIT steaks aged 20 d had 
a darker red color than steaks aged 6 and 13 d. However, 
lean color was similar for steaks aged 20 d between CONT 
at 0 d and NIT after 4 d under retail conditions. After 4 d 
in NIT packaging for steaks aged 6 and 13 d, the ratings 
of lean color did not reach the lighter red values assigned 
to CONT steaks at 0 d under retail conditions (i.e., shortly 
after blooming). Similar to steaks, burger patty lean color 
scores were lower for NIT versus CONT packaged burger 
patties at 0 d of retail display. After 2 d in retail display NIT 
lean color scores increased and CONT scores decreased, 
but at 4 d the NIT color score continued to increase, while 
the CONT scores remained stable.

The subjective discoloration scores for steaks showed 
a significant 3-way interaction between packaging × 
whole muscle aging × retail display period (P < 0.0001; 
Fig. 2). The NIT steaks largely did not show an increase 
in discoloration through 4 d of retail display, while sur-
face discoloration values for CONT steaks significantly 
increased during retail display and the extent of discolor-
ation was greater with longer whole muscle aging (Fig. 2). 
For the burger patties, there was a significant interaction 
between packaging and retail display period where dis-
coloration increased in CONT packaged patties over the 
4 d retail aging period while discoloration scores did not 
increase significantly in the NIT packaged patties (Table 
2). After 4 d under retail conditions, CONT steaks and 
patties had scores corresponding to more than 50% sur-
face discoloration during retail display. The discoloration 
scores appear to align well with the increase in proportion 
of MMb in CONT but not NIT steaks through the retail 
display period. The MMb concentrations are perceptible 
in beef steaks when regional MMb proportions are above 
60% (Seideman et al., 1984). This may indicate the higher 
MMb observed during 0 d retail display of the NIT pack-
aged steaks was below a visibly perceptible threshold at 
the locations where the color measures were obtained.

Regarding objective color evaluation, L*, Chroma 
and Hue measures obtained from the steaks showed an 
interaction effect between packaging × whole muscle ag-
ing × retail display period (P < 0.001). For all aging pe-
riods at 0 d under retail conditions, the CONT packaged 
steaks presented higher values of L* and Chroma but 

lower Hue values, indicating a more vivid red color than 
NIT (Fig. 3). However, after 4 d under display conditions, 
the NIT steaks had significantly higher L* but lower Hue 
values (more bright red color) than CONT; particularly 
at 13 d and 20 d of muscle aging. The patterns of change 
to Hue for both NIT and CONT steaks appears to corre-
spond well with the measures of MMb obtained through 

Figure 3. Color measures obtained from bison steaks packaged in vac-
uum-sealed film containing embedded sodium nitrite (NIT) or oxygen per-
meable polyvinyl chloride film (CONT) through a 4 d retail display, steaks 
were obtained from bison longissimus lumborum aged 6, 13, or 20 d. a) L*, 
b) Chroma (%), c) Hue (°). a–kMeans within the same measurement variable 
not sharing a common letter were significantly different (P < 0.05). Steaks 
were exposed to 14h d–1 of direct overhead incandescent lighting (1,020 lux).
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the retail display. Additionally, the Hue of NIT packaged 
steaks appears to match expectations based on the 650 
nm / 570 nm ratio. The Hue of NIT became redder by 2 
d under retail conditions, but did not increase further by 
4 d. Chroma was higher for CONT steaks aged 6 d after 
4 d under retail display; however, for steaks aged 13 d, 
the Chroma at 4 d was similar to NIT. In contrast for 20 
d aged steaks, the Chroma of NIT packaged steaks was 
higher than CONT after 4 d under retail display.

Similar changes to objective color measures were 
observed in the burger patties (Table 2). There was an 
interaction effect between packaging and retail display 
period for L*, Chroma and Hue (P < 0.001). The CONT 
packaged burger patties at 0 d under retail display condi-
tions had higher L* and Chroma but lower Hue values 
(bright vivid red color) than NIT packaged burger pat-
ties. However, after 4 d under retail display conditions, 
the CONT packaged burger patties showed lower L* and 
Chroma but higher Hue values than NIT burger patties, 
likely due to browning caused by the increased propor-
tion of MMb. NIT packaged burger patties showed no 
significant change in L* over the entire retail display du-
ration. As discussed above, differences in the lightness of 
meat between packaging types can be attributed to differ-
ences in the packaging environments affecting myoglo-
bin state. In addition to effects of the packaging partial 
pressure of oxygen and the embedded nitrite on color, 
the ground mixture used to form the patties, had further 
oxygen exposure from the grinding process and a high-
er level of surface area exposed. A bloom Mb to OMb 
prior to packaging followed by subsequent nitrosylation 
to NOMb after packaging could explain no change to L* 
was observed in NIT packaged burger patties.

The effects of packaging strategy on the color mea-
sures obtained in the present study for both burger patties 
and steaks across the objective and subjective evalua-
tions of meat are generally consistent and appear to cor-
respond to the changes in myoglobin oxidative state, at 
least in the CONT packaged meats. The CONT packag-
ing, due to the high partial pressure of oxygen, bloomed 
rapidly resulting in lighter and redder meat at 0 d under 
retail conditions. As mentioned above, all burger patties 
were exposed to oxygen during the grinding process, as 
such, the L* of the NIT packaged patties was relative-
ly high, only slightly lower than CONT at 0 d of dis-
play. However, after 4 d under retail conditions, CONT 
packaged meat darkened and showed higher levels of 
discoloration; additionally, there were higher levels of 
MMb observed in these steaks. The NIT packaged meat 
appeared to improve in color over the retail display pe-
riod with meat becoming lighter and redder. It appears 
NIT packaged steaks did not reach lightness (from both 

subjective and L* measures) observed in CONT steaks 
shortly after bloom (0 d under retail conditions). Also, 
there were no increases in discoloration of NIT packaged 
meat over the retail display period. The present results 
are largely in agreement with the improved color stability 
in beef treated with nitrite in vacuum packaged systems 
for beef (Claus and Du, 2013; Song et al., 2015). 

Narváez-Bravo et al., (2016) also demonstrated bi-
son meat in NIT packaging has lower bacterial growth 
relative to PVC oxygen permeable overwrap, but not 
vacuum packaging film without embedded nitrite; there-
fore this effect was attributed to the anaerobic packag-
ing conditions not the sodium nitrite present in the film. 
In addition to improved color stability in bison meat 
NIT can likely be utilized to increase the shelf life of bi-
son meat relative to PVC oxygen permeable overwrap. 
Extended shelf-life of NIT packaged beef and pork, 
relative to PVC oxygen permeable overwrap packaging 
has been demonstrated (Yang et al., 2016a; Yang et al., 
2016b). However, as the NIT packaged meat becomes 
redder due to NOMb, there is a risk for spoilage mask-
ing as the discoloration associated with spoilage will 
not occur as rapidly. As such, it highly is important to 
provide best before dates on any NIT packaged meats. 

The time required for bison meat to lighten relative 
to CONT suggests utilizing this packaging strategy might 
be well suited for centralized packaging prior to ship-
ment to retail. Utilizing a centralized packaging of bison 
meat with NIT may allow sufficient time for the meat to 
lighten and allow retailers to display meat at or near op-
timal appearance. The nitrite embedded packaging mate-
rial has been deemed generally regarded as safe (GRAS) 
status by the FDA and GRAS application is currently 
under review for Canada. The application to the FDA 
claimed residual unbound nitrite had a concentration of 
< 0.7 mg/kg in meat (U.S. Food and Drug Administration, 
2010). The concentrations of sodium nitrite embedded in 
the film can be adjusted according to the concentration 
of myoglobin in the meat. In the present study, the films 
used for the NIT treatment were designed for use with 
beef (113 mg × m–2), despite the higher pigment con-
centration generally observed in bison (Galbraith, 2011). 
However, the present results suggest this concentration 
was sufficient for the bison steaks to reach a lighter color 
within 4 d, with the largest color changes appearing to oc-
cur within the first 2 d under retail conditions. Future re-
search could explore if increasing sodium nitrite concen-
trations in packaging film would cause a more extensive 
and rapid change in surface color in bison. Additionally, 
as there were no signs of increased discoloration through 
4 d of aging for NIT packaged meat, it would likely be 
appropriate to display NIT packaged bison meat for a 
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longer duration than tested here (Narváez-Bravo et al., 
2017). Evaluations of this packaging system for beef 
have shown the color remains stable 9 d after packag-
ing (Claus and Du, 2013). Further research needs to be 
conducted to determine how long bison meat retains its 
acceptable appearance after NIT packaging. 

Conclusions

The use of NIT packaging appeared to be an effec-
tive means of reducing discoloration in bison steaks and 
burger patties relative to PVC overwrap packaging. The 
NIT packaging also did not appear to have a detrimental 
effect on cooking losses or drip loss when both mea-
sures were considered together. Packaging type also did 
not have an effect on shear force. The initial appearance 
(0 d retail display) of CONT packaged meat was lighter 
and redder than NIT packaging. This was due to rapid 
blooming occurring in CONT packaged meat with oxy-
gen permeable film. In key measures of color (discolor-
ation scores, lean color scores, lightness and hue) by 4 
d of retail display the appearance of CONT packaged 
meat had clearly deteriorated, whereas meat in NIT 
packaging had a largely stable color. Lower lipid oxida-
tion was also observed through the lower TBARS of 
NIT packaged burger patties relative to CONT. While 
bison meat in general may have lower color stability 
than beef, use of NIT in packaging appeared to improve 
its color stability under retail conditions. Additional re-
search to determine if higher concentrations of nitrite 
embedded in the packaging film could further improve 
the color of high pigment bison meat may be warranted.
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