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The redox form and oxidative stability of myoglobin (Mb) influence meat color and are 
compromised by many factors, including lipid oxidation products such as 4-hydroxy-2-
nonenal (HNE). Consumer desirable cherry-red color of fresh meat can be stabilized by 
employing modified atmosphere packaging (MAP) that includes 0.4% carbon monoxide 
(CO). CO MAP became increasingly relevant for the US meat industry with its approval 
in 2004 for red meat. Although the antioxidant activity of CO in red meat systems is well 
documented, the redox stability of carboxymyoglobin (COMb) when challenged with 
reactive lipid oxidation products has not been addressed previously. Therefore, our 
objective was to investigate lipid oxidation-induced spectral changes in COMb and 
oxymyoglobin (OxyMb) solutions, utilizing HNE as a model aldehyde.  
Equine OxyMb and COMb were incubated with HNE (0.15 mM of Mb + 1.0 mM of 
HNE) at 37 °C, pH 7.4 (physiological conditions) or 4 °C, pH 5.6 (typical meat storage 
conditions). Controls consisted of Mb plus a volume of ethanol equivalent to that used to 
deliver the aldehyde. Samples were scanned spectrophotometrically at specific incubation 
times from 700 nm to 450 nm. Browning Index (BI), calculated as A503/A581, was used to 
estimate heme oxidation. Increases in BI indicate an increase in metmyoglobin content. 
The experimental design was a completely randomized design where each experiment 
was replicated 3 times (experiment 1 = pH 7.4 and 37 °C, and experiment 2 = pH 5.6 and 
4 °C). The four treatments consisted of two Mb derivatives (COMb or OxyMb) with and 
without HNE. Data within each of the two experiments were analyzed separately using 
the General Linear Model (GLM) procedure of SAS. 
At pH 7.4 and 37 °C, BI was greater in HNE-treated OxyMb and COMb samples than in 
aldehyde-free controls (P <0.05). Moreover, there was no significant difference (P >0.05) 
between HNE-treated COMb and OxyMb samples for BI values. Thus, our data suggests 
that when challenged with HNE at physiological conditions, oxidation of COMb and 
OxyMb may proceed in a similar manner. This observation is contrary to the widely 
accepted belief that COMb is more stable against oxidation than OxyMb.  
At pH 5.6 and 4 °C, HNE significantly increased BI values in COMb (P <0.05), but not 
in OxyMb solutions. Therefore, when exposed to lipid oxidation at typical meat storage 
conditions, COMb undergoes browning more rapidly than OxyMb. Nevertheless, BI 
values were significantly lower (P <0.05) in HNE-treated COMb than in HNE-treated 
OxyMb.  
The results of the present study indicated that COMb is susceptible to lipid oxidation-
induced oxidation in a pH- and temperature-dependent manner. Mass spectrometry-based 
proteomic investigations are underway to elucidate the molecular interaction between 
COMb and reactive lipid oxidation products. 
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