
Using non-destructive and non- invasive image techniques to
assess carcass and meat traits



In Animal Science the questions related with determination 
(prediction) of the body composition or carcass composition 

are difficult to answer

Kongsro (2015)



What is the body composition of this sheep

http://www.yellowkorner.com/en/artists/yann-arthus-bertrand-51.html



How many lean meat has this ram

http://www.nationalsheep.org.uk/know-your-sheep/sheep-breeds/



What is the relationship between muscle and bone of these 
carcasses

Boman et al.  (2010)



What is the level of body fat depots of this ewe

Those questions are very difficult to answer unless the animals were slaughtered. Then it is 
possible apply two gold standard methods to determine composition



The gold standard – # 1 dissection

FAIM Lutz Bunger & team



The cuts were dissected into the muscle (M), fat (F) and bone (B). 



The gold standard – #2 chemical analysis

Silva et al. 2015





Over the years, numerous techniques have been developed, 
adapted and transferred to animal science to understand the 
body composition and carcass composition of animals

Various Methods
40K counting; Bioelectrical Impedance; Velocity of Ultrasound; Total 
Electrical Conductivity (TOBEC)

Spectroscopic Methods
Near-infrared spectroscopy; Hyperspectral Imaging; Raman

Imaging Methods
Ultrasound; Computed Tomography (CT); Magnetic Resonance 
Imaging (MRI); Dual-Radiation X-Ray Absorptiometry (DXA); Video 
Image Analysis (VIA); Computer Vision Systems (CVS) 



Main target of these techniques: human body composition



Animals  



Meat Animals 



Los Alamos National Laboratory: 40K

Los Alamos Lab



After WWII and beginning of the Cold War Los Alamos Lab 
had capabilities that were used for animal science. Project 
40K

Estimating the body composition of a living subject by whole-
body 40K counting is feasible because of the direct relation of 
potassium to lean body mass and its indirect relation to fat. 



Potassium in nature is present with three isotopes: 39K 
(93,3%), 40K (0,0117%) and 41K (6,7%)

Potassium-40 is a radioactive isotope of potassium which has 
a very long half-life of 1.251 × 109 years.



Whole-body counting

Anderson, 1967



Whole-body counting

UMC, 1968



Alan Kirton (1933-2001)



Bioelectrical impedance analysis BIA

Leighton et al., 2022



Bioelectrical impedance analysis BIA



Velocity of Ultrasound 

Miles et al.



Velocity of Ultrasound 

Fisher 1997



Total Body Electrical Conductivity (TOBEC)

TOBEC
has been introduced as a rapid, safe, and 
non-invasive method suitable for the 
estimation of fat-free mass. 

The TOBEC operates on the principle that 
organisms placed in an electromagnetic 
field perturb the field to a degree that 
depends on the amount and volume of 
distribution of electrolytes present.

This disturbance is electronically monitored, 
obtaining an electrical conductivity value.



























Real-Time Ultrasonography – RTU
The RTU is an imaging technique that has an important role in 

animal science



Evolution of the number of ISI papers related with use of RTU 
applied to carcass. RTU has been extensively used in farm 

species as a tool for genetic evaluation. 

Silva & Cadavez (2012)



In 1794 the Italian priest and physiologist Lazzaro Spallanzani
(1729-1799) show that bats emit high-frequency sound waves 

and hear the echoes

Semana Acadêmica de Zootecnia do IFRO 2022



March 1880: The Curie brothers discover piezoelectricity

ult.rsmjournals.com

Semana Acadêmica de Zootecnia do IFRO 2022



During WWI and WWII important advances in ultrasound have 
been achieved

http://www.gizmodo.com.au/



Ultrasound: 1946 Karl Dussik, together with his brother 
Friederich, a physicist, attempted to locate brain tumors and 
the cerebral ventricles by measuring the transmission of 
ultrasound beam through the skull.

Woo (2006)



Dussik ultrasound image. This poor quality image represents a 
milestone for the history of ultrasonography



John Julian Wild in1950 report echoes from soft tissues (like 
muscle or fat)

Woo (2006)



Ultrasound: By the end of 50s first 2D images of anatomical 
structures. This equipment uses a WWII bomber scrap

Woo (2006)



In animal science the first study appears in 1957. Stouffer uses 
an enormous ultrasound A-mode machine. The machine was 

originally used to detect failures in metal structures. 

Stouffer (2004)



Detail of the transducer and angle deflection device which are 
manually moved over the hide

Stouffer et al. (1960)



A-mode image. In this kind of ultrasound image each peak 
represents a echo from different tissues. Typically the carcass 
traits were measured directly from the image using a mm scale

http://www.ob-ultrasound.net/sliceabd.html



Advance to Branson Ultrasonic A mode unit with Intensity 
Modulated Signal 1960

perspetiva histórica 



Later Stouffer and graduate student Max Wallentine with a 
prototype mechanical B-scan unit on a Branson model 6 metal 

flaw detector

Stouffer (2004)



Silva & Stouffer, 2019



One of the first B-mode cross-sectional image of longissimus 
dorsi muscle 

Stouffer (1998)

perspetiva histórica 



Ultrasound

Silva & Stouffer, 2019



Silva & Stouffer, 2019



In 1962 first real time ultrasonography equipment

Woo (2006)



1980 SFK Danscanner



Silva & Stouffer, 2019





RTU image capture training

McLaren et al. (1991)

efeito operador





Ultrasound

Silva & Cadavez (2012)



Image analysis training

www.bifconference.com/bif2006/newsroom/JacksonLoren.ppt 

efeito operador



Ultrasound

Maas et al. 2015



Ultrasound

Silva et al. 2016



Figure 1. Example of a tilapia fish image with arrows indicating the RTU 
image capture points and the respective RTU images









Versatile and more performant RTU equipment



Paisley (2009)

desafios & perspetivas

Integration RTU with other systems to have a full information 
about animals



Integration with other systems. RTU and VIA

Fortin et al. (2003)

desafios & perspetivas



Dual-radiation X-ray absorptiometry (DXA)



Dual-radiation X-ray absorptiometry (DXA)

Scholz et al. 2021



Dual-radiation X-ray absorptiometry (DXA)

Soladoye et al.2016



Dual-radiation X-ray absorptiometry (DXA)

Scholz et al. 2010



Dual-radiation X-ray absorptiometry (DXA)

Dunshea et al. 2007



Dual-radiation X-ray absorptiometry (DXA)

Schallier et al. 2019



Magnetic resonance imaging (MRI)

Bernau, 2011

Fig. 20: Positioning of the large body coil to examine the thigh and gluteal region (the 
green arrow points to the back of the thigh and gluteal region



Magnetic resonance imaging (MRI)

Bernau et al. 2018



Magnetic resonance imaging (MRI)

FAIM, 2015



Magnetic resonance imaging (MRI)

FAIM, 2015



Magnetic resonance imaging (MRI)

Lu, 2015



video image analysis (VIA) and computer vision systems (CVS)

E+V Technology



video image analysis (VIA) and computer vision systems (CVS)

E+V Technology



video image analysis (VIA) and computer vision systems (CVS)

E+V Technology



video image analysis (VIA) and computer vision systems (CVS)

Lorenzo et al 2017



video image analysis (VIA) and computer vision systems (CVS)

Lorenzo et al 2017



video image analysis (VIA) and computer vision systems (CVS)

ViaScan



Material & Methods

3D image obtained by the Kinect sensor 

2nd Meeting of the Associate Laboratory for Animal and Veterinary Sciences (AL4AnimalS)
Universidade de Trás-os-Montes e Alto Douro, May 12th-13th 2023



The volume of the leg was calculated from the 3D image



video image analysis (VIA) and computer vision systems (CVS)

Silva et al. 2022



video image analysis (VIA) and computer vision systems (CVS)

Leighton et al. 2022







video image analysis (VIA) and computer vision systems (CVS)

Frontmatec Beef Solutions | Beef Classification Center, BCC-3™



video image analysis (VIA) and computer vision systems (CVS)

Frontmatec Beef Solutions | Beef Classification Center, BCC-3™



video image analysis (VIA) and computer vision systems (CVS)

Frontmatec Beef Solutions | Beef Classification Center, BCC-3™





video image analysis (VIA) and computer vision systems (CVS)

https://www.wenglor.com/en/Measurement-of-Half-Carcases-of-Pigs-Using-2D3D-Profile-Sensors/a/114



Computed tomography (CT)



Computed tomography (CT)







Computed tomography (CT)

UTAD Vila Real, December 7th 2022



Computed tomography (CT)

Topigs Norsvin CT scan



Computed tomography (CT)

Danish Genetics



Computed tomography (CT)

SRUC





Computed tomography (CT)

Lambe 2015



Avanços na avaliação da carne e na carcaça





https://interspectral.com/3d-content-library/





CT Scanning Sequence

















Computed tomography (CT)

Topigs Norsvin CT scan



Computed tomography (CT)

FAIM, 2015



Computed tomography (CT)

FAIM, 2015





Potassium dihydrogen phosphate





Computed tomography (CT)

UTAD, 2018



Computed tomography (CT): Bísaro loin



CT using a GE Revolution ACT CT scanner (GE HealthCare 
Technologies Inc., Chicago, IL, USA) with a slice width of 1 mm. 



The leg volume was calculated from the DICOM images produced by CT scanning 
using the 3D Slicer (v.5.2.1 for Windows) software and Quantitative Reporting 
extension



Monziols 2015



Computed tomography (CT)

Kongsro, 2012





Computed tomography (CT

Ho, 2013









Monziols 2015



Computed tomography (CT)



Future

Jorgen Kongsro



Moore's law. Processing capacity doubles every 18 months

Adapted From Templeton (2016)



March 1986, one week before enlisting in the cavalry arm

The Matrix: 320x320 Body and carcass traits of Scottish Blackface x Badano cross lambs 



I was happy making matrices and in a week, I will be crawling in the mud

Thank you


