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I. INTRODUCTION 

Pork is an important source of animal protein, and the need to enhance meat quality has prompted industry 

stakeholders to assess how their practices influence product value, as quality defects could jeopardise the sector's 

competitiveness [1, 2]. A common defect in pork quality is the PSE (Pale, Soft, Exudative) condition, caused by 

stress and genetic factors, leading to a rapid pH drop shortly after death. As a consequence, protein denaturation 

increases, primarily of myofibrillar proteins, resulting in heightened exudation and greater light reflectance or 

scattering [3, 4, 5]. Physicochemical and sensory characteristics of pork have been used to categorize quality as 

normal or PSE. However, these methods are typically destructive and time-consuming. As a result, there is growing 

interest in fast, non-destructive techniques such as computer vision [6]. 

This study aims to develop a model that estimates pork quality using a computer vision system. 

II. MATERIALS AND METHODS 

The longissimus thoracis et lumborum (LTL) muscle on the left side of the carcasses of 21 male pigs, excised at 24h 

pm, was used to assess pork quality. The pH at 24h pm was measured directly on the meat. The colour coordinates: 

L* (lightness), a* (redness), b* (yellowness), C* (chroma), and h (hue angle) were measured after 1h of blooming 

using a Minolta CR-400 colorimeter. The intensity of the red colour by sensory analysis was evaluated on a scale of 

1 to 7. Drip loss was assessed after 3 days of storage at 4°C in trays covered with polythene film. Cooking loss was 

assessed after 3 days pm in samples cooked in polythene bags in a water bath at 80°C until they reached 71°C 

internally [7]. For shear force determination, samples processed for cooking loss were cut into parallelepipeds with 

muscle fibres parallel to the length and placed on a Warner-Bratzler rectangular notch probe coupled to a TA.XT 

plus texturometer with a 30kg load cell, blade velocity of 200mm/min, and trigger force of 5.00g [8]. 

Samples were photographed using a Sony α58 digital camera (20 MP; 1/8 at F7.1; ISO 100) in a darkroom with four 

LED bulbs (1710 lm each) and a PET LED light diffuser film. The captured images were analysed using a MATLAB-

developed algorithm to calculate the average L*image, a*image, and b*image values in the region of interest. Seventy-five 

percent of the images were used to build the model in XLSTAT, while the remaining images were used for testing. 

III. RESULTS AND DISCUSSION 

Samples with both L*24h > 55 [2, 5] and drip loss > 6.5% [4, 9] were classified as PSE, while the rest were considered 

normal. Table 1 shows the mean, standard deviation and range of pork LTL muscle quality traits after 24 h pm. 

 
Table 1. Mean, standard deviation (SD) and range of pork quality traits (n=21). 

 Mean SD Range 

pH 5.49 0.11 5.24 – 5.72 
L* 54.89 2.21 50.78 – 59.64 
a* 6.10 1.23 4.17 – 8.97 
b* 5.99 1.04 4.35 – 7.58 
C* 8.57 1.52 6.10 – 11.44 
h° 44.61 3.40 38.58 – 51.95 

Drip loss (%)1 6.66 1.02 5.12 – 8.38 
Cooking loss (%)1 30.81 3.60 24.87 – 37.92 

Shear Force (N.cm-2) 44.72 7.76 32.49 – 57.25 
Red Colour (sensory analysis)2 3.48 0.68 2.00 – 4.00 

1 Expressed as a percentage of mass loss in relation to the initial mass. 
2 The intensity of red colour (24 hours post-mortem) varies on a scale of 1 to 7 (1 – pale; 7 – dark). 
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Principal Component Analysis (PCA) successfully differentiated the colour information of PSE and normal pork 

obtained from computer vision-based image analysis, with a 90% success rate (Figure 1). PC1 and PC2, which 

explain 95.47% of the data variability, show that PSE pork samples form a distinct cluster at the top, whereas normal 

pork samples are positioned at the bottom. Test data from PSE pork samples (TP4 and TP6) clustered with PSE 

pork, while normal test pork samples (TP1, TP2, TP3, and TP5) clustered with the normal ones. 

 

Figure 1. Classification of different pork qualities based on colour information from computer vision-based image analysis. MP: Model pork data; 
TP: Test pork data. 

IV. CONCLUSION 

Computer vision-based image analysis successfully estimated the quality of PSE and normal pork based on colour 

information. This technique is promising compared to conventional methods due to being non-destructive, fast, and 

easily adaptable to slaughterhouses. 

ACKNOWLEDGEMENTS 

This study was supported by the projects UIDB/00772/2020 and LA/P/0059/2020 funded by the Portuguese 

Foundation for Science and Technology (FCT) and WASTELESS (HORI-ZON-CL6-2022-FARM2FORK-01) under 

grant agreement 101084222. 

REFERENCES 

Papers: 
1. J. E. Cannon, J. B. Morgan, J. Heavner, F. K. Mckeith, G. C. Smith, e D. L. Meeker, «PORK QUALITY AUDIT: A 

REVIEW OF THE FACTORS INFLUENCING PORK QUALITY1», Journal of Muscle Foods, vol. 6, n.o 4, pp. 369–402, 
dez. 1995, doi: 10.1111/j.1745-4573.1995.tb00581.x. 

2. R. D. Warner, R. G. Kauffman, e R. L. Russel, «Quality attributes of major porcine muscles: A comparison with the 
Longissimus Lumborum», Meat Science, vol. 33, n.o 3, pp. 359–372, jan. 1993, doi: 10.1016/0309-1740(93)90007-5. 

3. S. Stajkovic, D. Vasilev, V. Teodorovic, e N. Karabasil, «Postmortem glycolysis and pork quality», IOP Conf. Ser.: Earth 
Environ. Sci., vol. 333, n.o 1, p. 012032, set. 2019, doi: 10.1088/1755-1315/333/1/012032. 

4. S. T. Joo, R. G. Kauffman, B. C. Kim, e G. B. Park, «The relationship of sarcoplasmic and myofibrillar protein solubility to 
colour and water-holding capacity in porcine longissimus muscle», Meat Science, vol. 52, n.o 3, pp. 291–297, jul. 1999, 
doi: 10.1016/S0309-1740(99)00005-4. 

5. G. G. Wilson e R. L. Van Laack, «Sarcoplasmic proteins influence water-holding capacity of pork myofibrils», J. Sci. Food 
Agric., vol. 79, n.o 13, pp. 1939–1942, out. 1999, doi: 10.1002/(SICI)1097-0010(199910)79:13<1939::AID-
JSFA469>3.0.CO;2-T. 

6. Q. Zhuang et al., «UV-fluorescence imaging for real-time non-destructive monitoring of pork freshness», Food Chemistry, 
vol. 396, p. 133673, dez. 2022, doi: 10.1016/j.foodchem.2022.133673. 

8. S. Botelho-Fontela et al., «The effects of different immunocastration protocols on meat quality traits and boar taint 
compounds in male Bísaro pigs», Theriogenology, vol. 214, pp. 89–97, jan. 2024, doi: 
10.1016/j.theriogenology.2023.10.016. 

9. R. L. Van Laack e R. G. Kauffman, «Glycolytic potential of red, soft, exudative pork longissimus muscle», Journal of 
Animal Science, vol. 77, n.o 11, p. 2971, 1999, doi: 10.2527/1999.77112971x. 

Book Chapter: 
7. K. O. Honikel, «How to Measure the Water-Holding Capacity of Meat? Recommendation of Standardized Methods», em 

Evaluation and Control of Meat Quality in Pigs, P. V. Tarrant, G. Eikelenboom, e G. Monin, Eds., Dordrecht: Springer 
Netherlands, 1987, pp. 129–142. doi: 10.1007/978-94-009-3301-9_11. 


