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Having in mind the demographic explosion and the pressing need to ensure food supplies for the 
entire world, this review came with a synthetic presentation of the most modern non-invasive 
technique of investigation used in meat quality evaluation for livestock that has evolved and 
developed in the last 60 years. These modern techniques such as ultrasound, Computer Tomography 
(CT) and Video Image Analyses (VIA) were first introduced in human medicine and afterwards 
were adopted by animal research and implemented gradually as a tool to predict meat at an early 
age. Ultrasound, CT and VIA developed very quickly and helped considerably the meat industry 
focusing on assurance of human health. These techniques became popular as they were able to 
accurately predict meat quality in vivo avoiding the need to slaughter the animals, which assisted 
in the evaluation of meat quality in breeding candidates. One of the evaluation methods presented 
above was adopted by Romania for the first -time to improve meat quality evaluation in sheep, 
and as a result some disadvantages regarding the classical procedure for evaluating sheep for 
meat production have been removed. The classical procedure for sheep meat evaluation used in 
Romania until 2012 was to slaughter the animal in order to obtain meat carcass measurements 
(commercial yield, slaughtering yield, dressing percentage and meat to bone ratio), a method 
which involves hard and expensive work and sacrificing the animal, which otherwise may have 
been used in reproduction. The ultrasound method was chosen as an option in sheep meat quality 
evaluation thanks to its efficiency with providing fast and accurate results, particularly since non-
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invasive ultrasound measurements very well correlated with meat traits. Ultrasound parameters 
were measured in vivo in two points on the Longissimus Dorsi muscle, which in Teleorman Black 
Head sheep is a muscle very well correlated with carcass meat amount. Very soon the ultrasound 
evaluation was used in goats of the Carpatina breed with similar ultrasound parameters recognized 
for meat quality. Consequently, the use of ultrasound measurements in genetic evaluation systems 
has been recommended to increase the rate of genetic improvement for carcass yield and quality 
traits. That is why the ultrasound method is recommended in meat quality evaluation to facilitate 
classification of animals specialized for meat quality. Animal breeders and farmers use ultrasound 
in vivo evaluation to maximize genetic gain for meat traits by selecting the best individuals. The 
application of this non-invasive technique provides prospects for livestock breeders and the meat 
industry for an accurate in vivo meat evaluation for quality carcass classification, very important in 
maximizing economically important traits.     

KEY WORDS: carcass quality / meat evaluation / non-invasive method / ultrasound / 
                                   ultrasound equipment

Meat quality and quantity were researched and improved over the years by 
slaughtering the animal to obtain commercial cuts, dressing percentage and the meat 
bone ration. The meat industry was supported with a new standard regulation adopted 
by the EU for carcass classification (EUROP), which led to a new approach regarding 
animal breeding, the environmental conditions and animal management systems used 
by farmers for their animals in order to obtain high meat carcass quality. The EUROP 
meat standard classification system (E – excellent, U – very good, R – good, O – fair 
and P – poor) combined various requirements that need to be met by animal breeders 
and farmers. To assure these qualities as a final requirement of the European consumers, 
while  both food quality and animal welfare need to be monitored. Additionally, 
objective evaluation of carcass meat and payment in agreement with its quality are 
thus ensured. Each step that must be followed is going toward this goal, beginning 
with monitoring the entire life span of the animal focusing on health of the animal 
with a proper conformation fitted for meat production in accordance with consumer 
requirements. To facilitate animal breeding based on the evaluation of meat quality 
a multitude of modern techniques were developed to measure carcass traits as an 
important link to complete the technological aspect of animal selection. These research 
techniques include real time ultrasound measurements (RTU), followed by computed 
tomography (CT), dual energy X–ray absorptiometry (DXA), magnetic resonance 
imaging (MRI) and total body electrical conductivity (TOBEC). All these methods 
made the entire process easier and replace the slaughter method, which was expensive 
and time-consuming. Each advancement produced a clear image of the animal tissue 
and its physical composition, being highly useful in meat trait evaluation [Silva et al. 
2012]. Increasingly advanced and improved techniques have been developed over 
time including the advantages mentioned above, with animals measured using non-
invasive methods and providing more accurate and better results. Application of these 
non-invasive techniques offered new prospects to livestock breeders and the meat 
industry thanks to efficient meat carcass classification in vivo, which is very important 
to maximize economically important traits [Stanford et al. 1995, Dhanda et al. 1998, 
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Pathak at el. 2011]. All these technological improvements helped considerably  in meat 
evaluation and led to better animal carcass quality, benefiting both farmers and breeders.   

Carcass components can be predicted using a non-invasive technique which is 
an accurate measurement tool of the Longissimus Dorsi muscle, very well correlated 
with carcass meat amount. Also, Longissimus dorsi provides very good indicators 
such as eye muscle area, eye muscle depth and fat thickness that covers this muscle 
[Teixeira et al. 2008, Daina et al. 2016].  Genetic gain in the case of meat production 
has raised many questions for animal breeders, who were aided by researchers in 
improving selection supported by ultrasound evaluation to produce the best animals 
in terms of meat carcass traits. Quality of meat is the final desirable complex trait 
required for human health, since humans are direct beneficiaries of continuous 
improvement of animals designed for meat production. A multitude of meat traits 
are jointly responsible for meat quality, such as color, juiciness, texture, marbling, 
fat content, muscle development, etc. Fat content is an important trait of the animal 
carcass which affects human health causing cardiovascular disease. This is why 
continuous attempts have been made to lower the content of fat deposits and to produce 
animals with greater muscle content. Consumer preferences directed the meat market 
to improve carcass quality over time by selecting the best animals with small amounts 
of fat deposits and a leaner and more muscular conformation improving meat yield. 
Then improvements of meat qualities targeted very good aroma and taste to attract 
consumers thanks to refined meat composition making it easier to prepare delicious 
meals. The non-invasive technique mentioned above has facilitated accomplishment 
of these special consumer requirements for meat quality.

Worldwide evolution of the non-invasive ultrasound technique  
in animal breeding for meat

The main reason for saving the best breeding candidates in the selection process 
has always been to establish genetic improvement of meat production traits using 
ultrasound parameters linked to body weight, which became one of the common 
indicators correlated with carcass quality and meat amount. These in vivo measurements 
allowed researchers and animal breeders to obtain accurate information concerning 
carcass structure without slaughtering the animals. The ultrasound method was used 
for the first time in humans. The aim was to provide images showing the anatomical 
structure and composition of organs and tissues with abnormalities that might be the 
result of a disease, or to show the physiological state, the stage of development in 
pregnancy, the growing process etc., greatly helping doctors to provide a diagnosis 
and treat the patient.  In order to improve cattle carcass quality in America ultrasound 
was used for the first time in 1956 by Tample et al. [1956] to estimate fat thickness. 
Studies continued with ultrasound measurements in cattle to evaluate the rib eye of 
the Longissimus Dorsi muscle [Stouffer et al. 1959]. Research was further continued 
on pigs, cattle and sheep making a comparison between A- and B-mode ultrasound 
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[Stouffer et al. 1959]. Ultrasound film and image obtained in the B-mode is explained 
by the dot brightness, which is directly proportional to the amplitude of the ultrasound 
in real time. The ultrasound waves in the B-mode leave vertical traces indicating tissue 
depth.  For a clear ultrasound image in the B-mode it is necessary for the animal to 
remain motionless and the technician eye to catch the best ultrasound measurement 
with the most accurate image [Hedrick at el. 1962, Gooden et al. 1980, Stouffer 
et al. 2004]. The ultrasound equipment evolved and appeared in 1987 with a 3D 
echography scanner used in their research by Szabo et al. [2004]. The first real time 
ultrasound application in animal selection to evaluate meat traits appeared in 1976 in 
response to demand of the meat industry to continuously improve breeding programs 
for cattle, sheep and pigs [Busk et al. 1984]. Mechanical B-scanners became popular 
only after 1980 when Real Time Ultrasound was developed, being a more accurate 
system producing greater image quality [Klein et al. 1981, Szabo et al. 2004]. In 
principle when supporting the RTU system it uses B–mode crystal transducers to 
create an echography image which is updated in real time. Technical studies explain 
how echography images are unrolled frame by frame every 30 milliseconds and the 
pictures are changed in real time, creating a motion image [Insana et al. 2006]. Recently 
RTU systems have become indispensable in meat carcass evaluations because of their 
efficiency in recording important information characterizing the complexity of meat 
traits, such as fat deposits, subcutaneous fat layer, eye muscle area, muscle depth, 
muscle perimeter on the Longissimus dorsi muscle, the marbling score etc. These are 
all traits selected to improve carcass quality using ultrasound images that are the same 
or better than those obtained with more complicated and more expensive technology. 
Animal science research and veterinary medicine are the main beneficiaries of the 
constant renewal and improvement of ultrasound equipment that provides images of 
various organs and tissues with sufficient quality and accuracy to facilitate reliable 
diagnosis, measuring muscle development to reach the standard of meat quality.

The evolution of ultrasound meat evaluation in Romania

Romania adopted the ultrasound technique in the last decade to avoid slaughtering 
animals in a local sheep population, replacing carcass measurements with in vivo 
measurements to improve meat quality [Lazar et al. 2012]. The ultrasound method 
proved to be more efficient and easier to apply compared to carcass measurements. The 
latter are more laborious and complicated because they imply sacrificing the animal 
to obtain commercial cuts and determine slaughtering yield, dressing percentage and 
meat : bone ratio. The reason that live animal measurements became popular was to 
allow measurements to be taken directly on breeding candidates, rather than having 
to slaughter siblings or use progeny records. High phenotypic correlations were 
obtained from weaning lambs of the Teleorman Black Head breed using ultrasound 
measurements from two points situated on the Longissimus Dorsi muscle which 
reflect the carcass meat amount and the genetic potential of the lambs. Ultrasound 
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measurements were taken from two points on the Longissimus dorsi muscle and 
correlated with carcass measurements: muscle depth with body weight at birth (0.40, 
0.54) and with weaning weight (0.55, 0.67). Also, high phenotypic correlations were 
found between muscle depth with eye muscle area (0.71, 0.76) and with eye muscle 
perimeter (0.90, 0.85), making it possible to compare Romanian sheep breeds with 
sheep meat breeds from abroad [Lazar et al. 2015]. Research continued to combine 
ultrasound with carcass measurements in a regression model fitted to make an accurate 
estimation of the carcass meat amount on Teleorman Black Head lambs to obtain 
genetic improvement by a non-invasive method and keep the lambs for reproduction 
[Lazar et al. 2016]. The same author continued the studies and extended this method 
as an investigation tool in the Carpatina goat breed to provide a better evaluation for 
carcass meat quality using ultrasound parameters on the Longissimus Dorsi level to 
point out fat thickness, eye muscle area, muscle depth, with great results within the 
limits recognized for mutton goat breeds [Lazar et al. 2017]. Also, in this study it 
needs to be stressed that one ultrasound measurement is sufficient to estimate meat 
amount in Carpatina goat kids in vivo improving their carcass evaluation. In Romania 
the ultrasound method was applied with success and it is recommended in view of its 
accurate measurement, easy use and helping many sheep and goat breeders to make a 
better classification for meat quality standard with great benefits for farmers.   

Worldwide influence of ultrasound measurements in animal meat evaluation

Ultrasound measurements are influenced by multiple factors, which has been 
demonstrated by a considerable body of research. In order to improve carcass meat 
quality many studies were supported by the ultrasound method, which included 
measurements on the Longissimus lumborum muscle, being very well correlated 
with carcass meat amount. Obviously, a factor with great influence in ultrasound 
measurement is highlighted by a study on weaning weight in Kivircik lambs, taken on 
the Longissimus muscle between the 12th and 13th ribs to observe fat thickness that 
covers the muscle, its depth, eye muscle area when the lambs were 26.8 kg on 125th 
day [Ibrahim et al. 2007]. The same author showed a significant influence of sex, birth 
type of lambs and flock, except for lamb age. The sex of lambs as a variable influenced 
significantly the muscle depth measure by ultrasound, in contrast to dam age and lamb 
birth type, which are not significant variables in echography measurements. The range 
of correlation values (0.36 and 0.85) obtained when combining ultrasound in Kivircik 
weaning weight was significant [Ibrahim et al. 2007]. This type of information is 
valuable for meat classification when the breeder must take a decision on the most 
convenient moment when Kivircik lambs could be sold at weaning age or later, as 
in the case of farmers from Anatolia or the Aylin province [Ibrahim et al. 2007]. The 
classical method for slaughtering a small number of lambs is extremely laborious, 
expensive and time-consuming to obtain necessary information concerning the 
quality of the lamb carcass. Therefore the non-invasive ultrasonic method was used 
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efficiently with fast results to characterize animals for meat quality production in vivo 
[Ibrahim et al. 2007]. Body composition associated with weaning weight or market 
weight obtained by ultrasound helped considerably breeding programs to be developed 
and improved continuously for meat yield and quality traits in Kivircick lambs 
[Ibrahim et al. 2007]. A more complex tool for investigation is provided by computed 
tomography (CT), which was used in a study to obtain superior genetic gain in carcass 
composition in Scottish Blackface sheep produced in a selection program of approx. 
five years to compose a special index with body conformation and carcass composition 
[Karamichou et al. 2007]. The genetic gain obtained by this complex index is 0.11 
phenotypic deviation per year and heritability of the index and of its components 
as a derivate CT from eye muscle area, muscle depth and fat thickness (0.41, 0.38, 
0.41 and 0.30) [Karamichou et al. 2007].  Medium genetic correlations were obtained 
between the index with ultrasound muscle depth and with lamb carcass weight and 
negative correlations with fat class. The response of selection based on the CT index 
improved meat quality based on a new conformation with less fat classification.  In 
vivo selection with CT scanning for live weight gives merit to carcass weight with 
the fair price for sheep breeders and farmers without influence on conformation score 
[Karamichou et al. 2007]. Research regarding the influence of sex was undertaken 
in Segurena lambs with the effect on slaughter weight and carcass weight, especially 
concerning the quantity of fat deposits [Pena et al. 2005]. Fat deposit weight provided 
carcass classification for hot carcass weight under 20 kg in class B and above 22 kg in 
class C. Pena et al. [2005] found that carcass weight had a significant impact on the 
other components such as fat deposits, bones, carcass structure, dressing percentage, 
and other types of carcass measurement. A significant influence was discovered 
between sex and age at slaughter, the other carcass components and carcass specific 
measurements for rib eye, fat deposits and commercial cuts such as neck, shoulder, 
leg and dressing percentage. The lamb carcass weight increased directly in proportion 
to carcass measurements. Commercial cuts of lambs such as leg, dressing percentage, 
carcass composition of lambs, they did not change at all even if body conformation 
was positively influenced [Pena et al. 2005]. Beef quality grades for meat standard 
classification were obtained when for the first time ultrasound was applied in a study 
investigating meat amount and carcass intramuscular fat (IMFAT) [Nam-Deuk et al., 
1998]. In vivo beef cattle were analyzed by ultrasound B mode image and ribeye 
muscle marbling (IMFAT) was predicted based on the picture resolution with software 
statistics and the gray-level co-occurrence matrix. Based on this software the analysis 
with a linear regression model enhanced meat quality evaluation for marbling grades 
in live beef cattle [Nam-Deuk et al. 1998]. Estimation of meat amount by non-linear 
multiple regression equations was accomplished for the first time in Romania on 
Teleorman Black Head lambs using in vivo and carcass measurements with high 
precision coefficients, showing that one echography measurement on the Longissimus 
Dorsi muscle was enough to improve carcass quality evaluation [Lazar et al. 2016]. 
The best precision coefficients were obtained with three echography parameters 
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(muscle depth, eye muscle area and perimeter) on the Longissimus Dorsi level to 
select the most appropriate individuals for quality meat production [Lazar et al. 2016]. 
Very soon echography was adopted as an evaluation method on the local Carpatina 
goat breed and ultrasound parameters observed here were in the range recognized 
for meat quality production [Lazar et al. 2017]. The same tendency was observed in 
Carpatina goats as in the case of Teleorman Black Head sheep when using ultrasound 
measurement on the Longissimus Dorsi level, one measurement was sufficient to 
estimate meat amount by the regression model to choose the best animals and keep 
them for reproduction [Lazar et al. 2017]. A similar study was conducted by Ghita 
et al. [2017] using ultrasound measurements in vivo to analyze lamb meat quality 
in the Palas Merino and Palas Meat Breeds. The study continued with comparative 
research between Teleorman Black Head with both sheep breeds described above 
using ultrasound parameters (thickness of the subcutaneous fat layer, depth muscle, 
eye muscle area, muscle perimeter) on the Longissimus Dorsi level. The Palas Meat 
Breed stood out with the best performance, showing great potential to improve carcass 
quality of Romanian local sheep breeds [Ghita et al. 2017]. 

Non-invasive ultrasound used in meat quality evaluation to select the best animals

 Table 1. Ultrasound and Video Imaging Analysis equipment for meat quality evaluation in cattle  
 

Ultrasound measurement procedure  Equipment  Reference 
Longissimus thoracis et lumborum measured by 
VIA for marbling and the impact on meat quality 
parameters 

 Video Image Analysis (VIA),  Giaretta et 
al. [2018] 

In vivo ultrasound measurement for fat thickness 
and muscle area on Longissimus dorsi level 
before slaughter with 24 hours   

 Real-time ultrasound from Pie Medical 
100 B-mode, linear probe of 6/8 MHz   Hernabdez et 

al. [2016] 

Carcass ultrasound measurements to estimate 
total internal fat in different beef cattle breeds  

Aloka 500V instrument with a 17-cm, 
3.5-MHz probe (Aloka Co. Ltd., 
Wallingford, CT). 

 Ribeiro et al. 
[2015]   

Ultrasound measurements on Longissimus dorsi 
area and fat in bulls to estimate hot carcass 
weight 

 

CS-3000 Tokyo, Keiki, 10.1 cm, 3.5 
MHz linear probe; Aloka SSD 1100 
Flexus RTU (Aloka Co. Ltd., Tokyo, 
Japan) 

 Crew et al.  
[2012] 

Ultrasound measurement on Longissimus 
thoracis et lumborum for intramuscular fat and 
software image analysis 

 

Aloka SSD 500V real time scanner 
(Tokyo, Japan) 7.5 MHz linear probe 
connected to a video camera (Sony DCR-
HC96E, Tokyo, Japan) 

 Silva et al.  
[2006] 

Rib eye muscle ultrasound measurement on 
Longissimus Dorsi level  Real time ultrasound used by Red Angus 

Association of America  Speidel et al. 
[2007] 

Ultrasound measurements in rib eye area, rib fat 
thickness between 12th and 13th rib, 
intramuscular fat 

 Ultrasound equipment  DuPonte et 
al. [2006] 

Ultrasound measurement on Longissimus Dorsi 
muscle area, rump fat thickness, body wall 
thickness, fat thickness on 12 rib   

 Aloka 500 V RTU, 17.2-cm, 3.5 MHz 
linear transducer  Greiner et al. 

[2003] 

Ultrasound measurements on yearling crossbred 
bulls for rib eye area, fat thickness, 
intramuscular fat 

 Ultrasound devise  Devitt et al. 
[2001] 

Ultrasound Image Texture Analysis to determine 
in vivo the Intramuscular Fat Content in Beef 
Cattle 

 
Aloka 500V equipment, 17 cm of 3.5 
MHz linear probe, (Corrometrics 
Medical Systems, Inc., Wallingford, CT) 

 Naum-Deuk 
et al. [1998] 
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The worldwide ultrasound equipment and Video Imaging Analysis based on non-
invasive ultrasound was used as a research tool to improve meat carcass evaluation 
in different animal species. The equipment has been modernized all along with new 
technologies and a multitude of studies appeared first in cattle (Tab. 1) followed by 
small ruminants such as sheep and goats (Tab. 2 and 3) and pigs (Tab. 4). Ultrasound 
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 Table 2. Ultrasound and Video Imaging Analysis equipment for meat quality evaluation in sheep  
 

Ultrasound measurement procedure  Equipment  Reference 

Fat layer thickness in different ages in lambs  Dynamic Imaging MCV Concept model 
7.5 MHz linear probe  Orman et al. 

[2018] 

In vivo and carcass measurements for meat 
quantity estimated by non-linear multiple 
regression model on Teleorman Black Head 
lambs 

 

Echo Blaster 64 scanner, LV 7.5 65/64 
probe. Ultrasound images analyzed by 
Echo Wave II 1.32, software, 
(TELEMED ultrasound medical systems, 
Lithuania) 

 Lazar et al. 
[2016] 

In vivo ultrasound measurements of the 9th, 11th, 
12th rib used in model equations to estimate the 
proportion of bone, muscle, fat in ewe and lamb 
carcasses 

 

Áquila Veterinarion, 7 cm linear 
transductor, 6.0/8.0 MHz probe Pie 
Medical (Nutricell, Campinas, São 
Paulo, Brazil) 

 Morais et al. 
[2016] 

Carcass characteristics in lambs for prediction 
equations to determine carcass weight 
components by ultrasound 

 
Scanner 100LC, 8 MHz probe from Pie 
Medical company, Maestricht, 
Netherlands 

 Agamy et al. 
[2015] 

In vivo fat depth and muscle weight prediction 
by real-time ultrasound at fat- and thin-tailed 
breeds 

 
Real-time ultrasound Falco vet, B-mode, 
12 cm linear transducer, with a 3.5 MHz 
probe 

 Hadhami Hajji 
et al. [2015] 

Torki-Ghashghaii Sheep scanned for backfat 
layer thickness, on Longissimus Dorsi level for 
muscle depth, width and rib eye area 

 
Falco 100, B mode ultrasound, 8 MHz 
linear probe and a 6.8 cm transducer (Pie 
Medical, Netherlands) 

 Hosseini et al. 
[2014] 

Ultrasound measurements for predict carcass 
composition 3 commercial categories of lamb  

Aloka SSD-900, 7.5 MHz linear array 
probe, 62-mm width (UST 5710-7.5, 
Aloka Spain, Madrid) 

 Ripoll et al. 
[2010] 

In vivo validation for ultrasound measurements 
on Longissimus area and fat depth between 12th 
and 13th ribs to predict body composition for 
market lambs 

 
Aloka 500 ultrasound, 11 cm transducer, 
3.5 MHz probe, (Corometrics Medical 
Systems, Wallingford, CT) 

 Emenheiser  
et al. [2010] 

Ultrasound measurement in Longissimus Dorsi 
muscle between 12th and 13th ribs for genetic 
improvement U.S. lamb composition 

 
Aloka 500 ultrasound, 12.5 cm 
transducers, 3.5mHz probe, (Corometrics 
Medical Systems; Wallingford, CT) 

 Emenheiser  
et al. [2009] 

In vivo ultrasound measurements of loin muscle 
and fat thickness in sheep to improve live animal 
prediction for subprime cuts weight 

 

Aloka SSD-500V (Corometrics Medical 
Systems, Wallingford, CT) with a 3.5-
MHz, 14.5-cm linear array transducer 
and standoff 

 Leeds et al. 
[2007] 

RTU measurements on Longissimus lumborum 
for depth, width, eye muscle area, fat thickness 
between 12th and 13th rib 

 Pie Medical Falco 100, 6 cm, 6 MHz 
linear probe  Ibrahim Cemal 

et al. [2007] 

CT scanning on Longissimus Dorsi for muscle 
area, muscle depth, fat depth, on 3rd lumbar 
vertebra 

 
CT Dynamic Imaging real time 
ultrasound scanner, 7.5 MHz with 56 mm 
probe 

 Karamichu  
et al. [2007] 

RTU measurements for fat thickness between 
12th and 13th ribs and 3rd and 4rd lumbar vertebra 
in lambs 

 Aloka SSD-500 V, 2 probe with 5 and 
7.5 MHz  Teixeira et al. 

[2006] 

In vivo real-time ultrasound measurement to 
estimate body and carcass chemical composition 
in lambs 

 500-V real-time ultrasound, 7.5-MHz 
probe, combined with image analysis  Silva et al. 

[2005] 
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 Table 3. Ultrasound and Video Imaging Analysis equipment for meat quality evaluation in pigs 
 

Ultrasound measurement procedure  Equipment  Reference 
Ultrasound measurements on Longisimus Dorsi 
muscle area, back fat thickness 

 Ultrasound equipment  Jiang X. et al. 
[2014] 

Ultrasound measurements on 10th rib, loin 
muscle area, gluteal back fat, last rib 

 Aloka 500 V Holding Europe, Zug, 
Switzerland, 3.5 MHz, 12 cm probe 

 Ayuso et al. 
[2013] 

Ultrasound measurements on Longisimus Dorsi 
muscle area, back fat thickness in 14th rib (last 
rib), 5th rib, between 10th and 11th rib 

 Ultrasound equipment used by 
National Pork Producers Council 

 Chad et al. 
[2010] 

Ultrasound measurement on back fat thickness 
in pigs 

 SFK Pig Scan-A-Mode, Meritronics 
A-Mode Pulse Echo scanner 

 Magowan et al. 
[2006] 

10 Rib fat, Last rib fat, Last lumbar fat, 10th Rib 
fat, Longissimus muscle area 

 Technicare 210 DX  Forests et al. 
[1989] 

10 Rib fat, Last rib fat, Longissimus muscle area  Technicare 210 DX  Lopez et al. 
[1987] 

10 Rib fat, Last rib fat, Back fat thickness  Technicare 210 DX  McLaren et al. 
[1989] 

First Rib fat, Last rib fat, Last lumbar fat, 10th 
Rib fat, Longissimus muscle area 

 Technicare 210 DX  Turligton et al. 
[1990] 

Ultrasound measurement on back fat thickness 
in pigs, eye muscle area 

 Sonotest TE/6, 5 MHz probe 
calibrated on 0.5mm, Scanoprobe 731 

 Giles et al. 
[1981] 

 
 

 Table 4. Ultrasound and Video Imaging Analysis equipment for meat quality evaluation in goats 
 

Ultrasound measurement procedure  Equipment  Reference 
Ultrasound measurement in Carpatina Goat for 
Meat Quality Evaluation in Longissimus Dorsi 
for fat thickness, muscle depth, eye muscle area, 
eye muscle perimeter 

 Echo Blaster 64, LV 7.5 65/64 probe, Echo 
Wave II 1.32, software, (TELEMED 
ultrasound medical systems, Lithuania). 

 
Lazar et al. 
[2017] 

Ultrasound measurement of eye muscle depth, 
fat thickness in goats used in linear and 
regression models 

 Advanced Livestock Services, Hamilton 
Victoria 

 McGregor et 
al. [2016] 

In vivo ultrasound measurement in Longissimus 
Dorsi muscle between 12-13 ribs and 3rd and 4th 
sternebrae 

 
Ultrasound Scanner 

 Gomez et al. 
[2013] 

Linear and Ultrasound Measurements in 
Crossbred Goats for estimation of Live and Hot 
Carcass Weights 

 Ultrasound Scanner (Pie Medical 200 
SLC, the Netherlands) 

 Stamper 
[2010] 

In vivo estimation of goat carcass composition 
and body fat partition by real-time 
ultrasonography 

 Ultrasound Toshib Sonolayer, 5-MHz 
probe, software image analysis (SAC-32B, 
Toshiba Corporation, Otawara, Japan) 

 Teixeira et 
al. [2008] 

In vivo ultrasound measurement in Longissimus 
Dorsi muscle for fat thickness between 12th -13th 
ribs, 1st and 2nd lumbar vertebras, 3rd and 4th 
lumbar vertebras, 1st and 2nd sternebrae and 
between 3rd and 4th sternebrae 

 

Aloka SSD-500V, 7.5 probe 

 

Cadavez et 
al. [2007] 

Ultrasound measurements on Longissimus Dorsi 
muscle 

  Aloka 500V  Mesta et al. 
[2004] 

In vivo ultrasound measurements on male kids to 
obtain slaughter value 

 100LC ultrasound device from Pie 
Medical, 8.0 MHz linear probe 

 Stanisz et al. 
[2004] 

Ultrasound measurements on Longissimus Dorsi 
for eye muscle area between 12-13 ribs 

 LI-COR portable meter LI-3000A  Dhanda et 
al. [2003] 

Ultrasound measurements on Longissimus Dorsi 
muscle for eye muscle area on crossbreed goats 

 Fiber Optic Probe, VIA Video Imaging 
Analysis 

 Dhanda et 
al. [1998] 

 
 

Non-invasive ultrasound used in meat quality evaluation to select the best animals



298

measurements has gained interest of breeders and farmers and is recognized as easy to 
apply, accurate, efficient and without hurting the animal, with very good premises for 
research to boost meat quality by increasing the genetic gain in beef cattle, pigs, sheep 
and goats. Until full application of the ultrasound gains interest of the meat industry it 
was a very long period for research opportunities to solve some concerns concenring 
technical aspects, and subsequently the pig ultrasound information became very useful 
in meat quality classification. The same uncertainties were explained by Houghton 
et al. [1992] when linked to practical conditions in ultrasound measurements, on 
sheep in terms of data variation in fat thickness and eye muscle area in lambs. In 
time the equipment was improved and ultrasound measurements were more accurate 
and precise with solid stability for the results helping considerably the sheep meat 
classification. The same author studied beef cattle to obtain in vivo measurements 
concerning fat thickness and eye muscle area on the Longissimus Dorsi level, 
which were enough to predict the exact moment when cattle could be slaughtered 
with accurate data on the body composition end point [Houghton et al. 1992]. The 
evolution of the ultrasound procedure based on the scientific point of view enhanced 
confidence of animal breeders in ultrasound measurements of eye muscle area on the 
Longissimus Dorsi level, which were fitted to an appropriate model equation very 
efficient in sketching meat quantity in real time.

A brief presentation of the EUROP standard carcass meat classification and the 
law enforcement frame that must be adopted by each country as an active participant 
in the European meat industry. In order to bring all meat market participants in the 
same system regarding evaluation of carcass classification in small ruminants and 
beef the EUROP carcass classification system was developed with specific regulations 
to be followed by farmers, helping them to be adequately paid for meat quality 
[Commission Regulation (EEC) No. 461/93, 1993; Council Regulation (EEC) No. 
2137/92, 1992]. This system was established as necessary when the economy of the 
European Union developed in time with the market and animal breeders and farmers 
increased exchange by grading carcasses with the EUROP classification system [Eypor 
2011, Pathak et al. 2011]. Numerous research studies began to develop and support the 
EUROP system for meat grading. This standard offered a fair price to farmers for each 
small ruminant category in the case of sheep, classified for mutton, yearling mutton, 
lamb and suckling lamb meat.  The performing protocol of the EUROP classification 
provides information for an objective assessment of animal conformation in terms 
of the fat class and carcass weight, supported by research linked to their visual 
assessment [Wnek et al., 2016; Schulz and Sundrum, 2020]. Animal conformation 
first of all describes the body type shaped for a specific production such as meat, meat 
and milk, or milk production. Therefore, meat animals exhibit some characteristics 
regarding aspects of carcass profiles, convex or concave one, which indicates meat 
quantity in relation with the animal skeleton. The human factor and the equipment 
involved in meat evaluation had to describe the subcutaneous fat on the carcass 
surface with classes from 1 to 15, where grade 1 is P- for conformation class and 1 
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for the fat class. The E+ conformation class is attributed to grade 15 and 5+ represents 
the fat class. Regarding these two aspects a conformation class with a high value is 
related with great muscle development, while in the case of fat classification a high 
value indicates a high amount of carcass external and internal fat deposits.  The  the 
EU Commission regulation specifies the range with the absolute maximum deviation 
admissible for abattoirs regarding the conformation and fat classes to be between 0.3 
and 0.6, respectively [Commission Regulation (EC) No. 1215/2003, 2003]. 

The EU Commission presented the limits for conformation and fat classes at 
slaughterhouse that must be well fitted between ±0.15 and 0.30 from 1 [Commission 
Regulation (EC) No. 1215/2003, 2003].  The EUROP standard carcass classification 
system is well divided into 5 classes (E – excellent, U – very good, R – good, O – fair 
and P – poor), which are in agreement with food quality and safety requirements of 
consumers and support a fair evaluation of meat quality, offering a justified payment 
for farmers [Grill et al., 2015]. All these details are legislated by the EU Commission 
[Regulation (EEC) No. 2137/92, No. 461/93, 1992/1993; Commission Regulation 
(EEC) No. 461/93, 1993; Council Regulation (EEC) No. 2137/92, 1992]. Also, these 
legislations specify the range for certification and validation of official assessors that 
must be approved and validated each year by the EU Commission regulation (EC) 
No. 1215/2003.  The meat quality system for pig carcasses is classified in a different 
manner by predicting lean meat percentage correlated with subcutaneous back fat 
and Longissimus Dorsi muscle depth. The total body fat situates the pigs to the first 
place with 68%, while for sheep it is 43% and cattle 24% for total body fat [Warriss 
2000]. In the case of pigs, the higher subcutaneous backfat layer  is more accurately 
measured compared with sheep and cattle, where backfat is thinner.

Individual training of official evaluators regarding the correct and objective 
application of the EUROP assessment scheme implies standard image examples 
as reference for an objective carcass evaluation. These standard image acts as an 
etalon which supports evaluators in identifying differences they observe at the time 
of measurement activity (the human factor), even when it is very well prepared with 
good equipment calibrated in agreement with the standard image and a set of specific 
parameters.  

Conclusion

The most recent advances in the ultrasound technique have been introduced both 
worldwide and in Romania, thus having an impact on animal meat quality evaluation. 
The evolution of the ultrasound technique lead to improvements in equipment used 
in research. Numerous studies confirmed this observation, as shown  in summary 
in this paper based on species important for meat production. This review comes 
to underline the great potential of the ultrasound technique developed year by year 
with the evolution of the meat industry and becoming increasingly sensitive to 
oncumser requirements. The evolution of the ultrasound procedure was supported 
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by a multitude of studies, which enhanced confidence of animal breeders in the 
ultrasound measurements made on the Longissimus Dorsi level. All these ultrasound 
measurements e.g. for fat deposits, subcutaneous fat layer, eye muscle area, muscle 
depth, muscle perimeter on the Longissimus dorsi muscle were fitted to an appropriate 
model equation, highly efficient in estimating meat quantity in real time. A brief 
review of the evolution of ultrasound as a means of assessing meat quality in the main 
farm animal species outlines the positive impact generated in the last six decades.  
Also, the ultrasound technique was linked to the EUROP system grading evaluation 
by studies directed to a specific improvement, such as fewer fat deposits in carcass 
composition and more lean meat in attempts to fulfil meat quality requirements and 
support a fair evaluation and payment for farmers. Grading carcasses using the EUROP 
system became a necessity in order to conform to the same economic conditions in 
the European countries which intensified and developed exchange between animal 
breeders and farmers, thus increasing their chances at the competitive meat market. 
Also, ultrasound shows opportunities that must be embraced by animal breeders and 
farmers to maximize the genetic progress in order to select the best individuals for 
meat production. Ultrasound investigation is a non-harmful technique that came to 
support animal breeding with great results for genetic progress improving generation 
by generation and thus benefiting both animal breeders and farmers. 
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