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Tenderness is an influential component of palatability and consumer satisfaction, and 
consumers have shown a willingness to pay a premium for guaranteed tender steaks. A 
long term goal of the industry has been to develop a non-invasive, online method of 
tenderness prediction. Hyperspectral imaging is a technique whereby multiple reflectance 
images are captured over a broad wavelength range at narrow intervals, collecting both 
biochemical and muscle structure data. The objective of this research was to develop a 
hyperspectral imaging system that accurately predicts 14 d aged beef tenderness from 
scans of 2 d aged beef. A hyperspectral imaging apparatus was constructed by integrating 
an InGaAs camera (1000-1700 nm) and a spectrograph. A diffuse-flood lighting system 
was designed using tungsten-halogen lamps and a dome with a white reflectance coating. 
USDA Choice and Select grade longissimus steaks (n=314) from between the 12th and 
13th ribs of the left side of the carcasses were scanned at 2 d postmortem, vacuum 
packaged, aged to 14 d and then frozen. For tenderness determination, steaks were 
thawed overnight, scanned, and then cooked immediately in an impingement oven and 
slice shear force values were obtained. Matching steaks from the right side of the 
carcasses were aged to 14 d postmortem and then frozen for trained taste panel analysis. 
Steaks were classified into three groups based on d 14 SSF values: tender ≤ 21.0 kg, 
intermediate 21.1 to 25.9 kg, and tough ≥ 26.0 kg. From the resulting scanned image, a 
region-of-interest (ROI) was selected corresponding to the approximate shear location, 
and further image processing was performed on the ROI. By averaging the spectra of all 
ROI pixels, a mean spectrum of the ROI was obtained. The mean spectra (n = 314) were 
then analyzed with partial least squares (PLS) regression, and the loading vector was 
obtained. Each pixel of the ROI was then multiplied by the loading vector, thus 
generating PLS bands. To extract the textural features from the PLS bands, textural co-
occurrence matrix analysis was conducted, and from these extracted textural features, a 
canonical discriminant model was developed. By implementing a leave-one-out cross-
validation procedure, the developed model (from 2 d scans) predicted the three 
tenderness categories (defined by 14 d SSF). Of the 256 tender SSF steaks, 200 were 
accurately classified as tender, 47 were misclassified as intermediate and 9 were 
misclassified as tough, for an accuracy of 78.13%. From the 42 intermediate SSF steaks, 
the system correctly classified 32, but misclassified 8 as tender and 2 as tough, for an 
accuracy of 76.19%. Of the 16 tough SSF steaks, 10 were classified as tough, while 3 
were misclassified as tender and 3 were misclassified as intermediate, for an accuracy of 
62.5%. These results yielded an overall accuracy of the imaging system to be 77.07%. 
Therefore, this hyperspectral imaging system is effective in predicting 14 d aged beef 
tenderness from scans of 2 d aged beef. 
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