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Study on structural analysis and physicochemical properties of

meat using hyperspectral image analysis

Abstract

The objective of this study was to evaluate the physicochemical and structural properties of
pork (loin, tenderloin, neck, and belly) and beef (loin, tenderloin, round, and brisket) using
hyperspectral imaging and food scanner analyses. Color, pH, and water-holding capacity (WHC)
were analyzed, revealing that pork belly showed the highest lightness (69.90), while beef round
exhibited the lowest (35.54). Redness and yellowness varied significantly among cuts,
influenced by intramuscular fat and chemical composition. The pH ranged from 5.66 to 6.23,
with pork neck having the highest pH and WHC, confirming the correlation between pH and
WHC. Food scanner analysis quantified fat, moisture, protein, ash, and collagen content,
showing that pork belly had the highest fat content, whereas beef loin had the highest collagen
content. Hyperspectral imaging analysis extracted mean reflectance spectra, identifying key
wavelengths such as 430 nm, 541 nm, 574 nm, and 980 nm related to heme, water, and oxidation
states. Pork showed higher reflectance than beef, highlighting chemical composition
differences. Partial least squares regression (PLSR) models predicted fat, moisture, and protein
content, with protein prediction demonstrating moderate accuracy (R? = 0.411). However,
limited data posed challenges to model generalization. These findings suggest hyperspectral

imaging as a promising tool for comprehensive meat quality assessment.

Keywords: pork, beef, hyperspectral imaging, food scanner, PLSR
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Table 1. Evaluation of color, pH, and water-holding capacity of meat species and parts

L" a b” pH WHC (%)
Pork loin 50.46+0.48° 6.86+0.43° 6.23+0.10¢ 5.91+0.02° 41.38+2.52°
Pork tenderloin 49.64+0.88° 10.81+0.70% 11.29+0.69% 5.66+0.03 41.50+0.07°
Pork neck 60.88+0.29° 12.26+0.59° 9.6620.58" 6.230.02 55.30+4.49°
Pork belly 69.90+0.75° 6.48+0.29° 11.39+0.50° 5.95+0.03° 52.17+2.89°
Beef loin 48.46+0.81° 11.67+0.472 11.77+0.60° 5.81+0.02% 39.71+1.92°
Beef tenderloin 48.12+0.64° 9.86+0.13" 12.73+0.44° 5.68+0.04°f 48.63+3.01%
Beef round 35.54+0.73° 11.75+0.472 8.49+0.36° 5.87+0.02° 32.14+2.14°
Beef brisket 42.36+0.80° 11.52+0.36° 12.39+0.23? 5.75+0.02¢% 40.93+2.10"°

#f Significant difference among treatments was presented by different letters on side of value (p<0.05).
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Table 2. Fat, moisture, protein, ash, collagen, and crabs by meat species and parts using food scanner analysis

Fat Moisture Protein Ash Collagen Carbonates
Pork loin 2.31+0.08f 73.33+0.05° 22.24+0.20° 2.9620.02¢ 0.74%0.00% -
Pork tenderloin 3.10+0.10°f 72.80+0.24° 20.96+0.14° 3.00+0.02% 0.45+0.11¢ 0.15+0.11°
Pork neck 19.93+0.60° 62.18+0.34° 16.06+0.469 3.10+0.06" 0.32+0.06° -
Pork belly 27.64+0.75° 55.15+0.679 14.98+0.169 2.57+0.04¢ 0.74%0.52% -
Beef loin 15.93+0.39° 64.38+0.12¢ 17.49+0.14% 3.48+0.25% 1.81+0.012 -
Beef tenderloin ~ 20.03+0.65" 60.53+0.329 17.04+0.22° 2.93+0.18% 1.27+0.08%° -
Beef round 4.34+0.30° 71.41+0.47° 18.13+0.06% 3.5620.14 1.14+0.02" 2.5620.16°
Beef brisket 8.97+0.12¢ 67.98+0.03° 18.58+0.17¢ 2.60+0.07¢ 1.45+0.01% 1.88+0.28"

&0 Significant difference among treatments was presented by different letters on side of value (p<0.05).
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