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Abstract— Quantitative evaluation of marbling 

(intramuscular fat) in beef meat is an important 

attribute with respect to quality. The chemical analysis, 

which is a destructive method, is the gold standard to 

evaluate the quantity of marbling in meat. It is a 

destructive and tedious method which does not give any 

information of marbling distribution in tissues. In this 

paper, an operational and flexible new method for a 

non-destructive measurement of the marbling quantity 

and distribution in beef meat is proposed. Based on the 

absorption and reflection properties of the fat when 

exposed to near infrared (NIR) light (940 nm), it is 

possible to show and evaluate the marbling under the 

surface, which is not accessible by visual methods 

commonly proposed in computer vision using visible 

(VIS) image. The results obtained by the proposed 

method (non-destructive) were compared with results 

obtained by chemical analysis (Soxhlet) of the muscle fat 

content. Preliminary results indicate that it is possible to 

evaluate the composition and the distribution of 

marbling in lean beef muscle. 

Keywords— Marbling, Non-Destructive, Visible and 

Near-Infrared Imaging. 

I. INTRODUCTION  

Visual evaluation of the marbling (fat within the 

muscle fibres) in beef meat is the easiest but also the 

most subjective method to evaluate intramuscular fat 

[1-4]. Also it limits the measurement to the visible fat 

at the surface of the meat. This means that this is a 

measure of the amount of external fat which does not 

provide any indication about the marbling with no 

indication of the variation  inside the meat sample. In 

order to objectively evaluate the amount of marbling 

in meat samples, chemical analysis of the fat content is 

currently the “gold standard” method [5-6]. It is a 

destructive method, expensive, tedious and time 

consuming, and does not give any information about 

the marbling distribution in the lean tissue.  

In response to these disadvantages, several research 

groups have proposed alternative methods to the 

chemical method. Newcom et al. [7], studied an 

ultrasound method to predict the percentage of 

intramuscular fat in swine meat. In this method, the 

marbling evaluation was conducted on Regions Of 

Interest (ROIs) of 100x100 pixels in the Ultrasound 

image. It is then, a localised measurement to predict an 

overall estimate of marbling in pork. Avila et al.  [8], 

proposed a 3D reconstruction method to estimate the 

amount of marbling in a sample of pork meat. The 

approach proposed in this method is based on a 

technique of digital reconstruction of 3D surface 

images from Magnetic Resonance (MR) of a series of 

thin slices (2 mm) of meat. It is a complex method of 

approximation and limited to thin meat samples. In a 

commercial context, the FOSS company [9], has 

developed an analyzer called „„FoodScan‟‟, which 

uses near-infrared technology to measure several 

parameters of meat composition such as moisture, 

protein and fat. To predict the composition of the 

meat, the sample must first be grinded. Thus, this 

method does not qualify as a non-destructive one. 

With respect to non-destructive methods, visual 

imaging has been investigated to some extend [7, 8]. 

However, to best of our knowledge, no publication 

describing a similar method as the one presented in 

this work was found. Here, results of our method 

demonstrate that using NIR light in transmission 

mode, allows the detection of not only the visible fat 

on the meat surface but also underneath the surface. 

Hence, by modeling the geometric shape of the 

observed marbling regions, it is possible to estimate 

the volumetric proportion of the marbling in a meat 

sample. 
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II. MATERIAL AND METHODS  

Fig.1a illustrates the experimental setup for the 

proposed system. It is composed of four elements: 1) a 

Phoenix CCD camera (MuTech Corporation company) 

with a resolution of 1280x1024 pixels; 2) two sheets 

of plexiglas (transparent to NIR radiation)to keep the 

meat sample in front of the camera. The plate below 

acts as a holder for the meat sample while the top one 

is positioned to press the meat and to keep the surface 

of the sample parallel to the CCD of the camera in 

order to maximize the amount of light reflected from 

the meat surface; 3) a light diffuser; and 4) a NIR light 

source. Hence, during the experiments, two types of 

light sources were used. For VIS images acquisition 

(reflection mode), fluorescent lighting mounted on the 

ceiling of the laboratory was used. However, for the 

NIR acquisition (transmission mode), a NIR light 

projector (940 nm wavelength) was used. Fig.1b is a 

schematic image of a meat sample, it illustrates how 

NIR light is reflected or deviated by the fat particles 

through the meat sample before eventually reaching 

the opposite side of the meat sample. Fig.1c shows 

NIR images obtained using the proposed acquisition 

system presented in Fig.1a. Experiments were 

performed on Angus beef meat. The meat was 

obtained from a specialized butcher shop and sliced in 

samples of 5 to 7 mm thickness.

 

 
Fig. 1 Proposed technique for the volumetric marbling estimation in beef meat : (a)  experimental setup; (b) schematic image 

to show NIR light transflectance mechanism through the meat; (c) real acquisition images of top and bottom faces of the 

meat sample. 

A. Marbling isolation 

Marbling isolation (or detection) in meat samples is 

an important stage of the intramuscular fat volumetric 

estimation process. This step consists in the 

segmentation of the fat particles observed in the VIS 

and NIR images. Hence, it is a critical step and the 

global performance of the volumetric estimation 

method of marbling could not be guaranteed without 

the performance of a proper segmentation stage. In 

this paper, we use our own image segmentation 

method which was developed specifically for this 

application [10, 11]. Fig.1c shows NIR images 

segmented to isolate the marbling. We compared the 

proposed method to the chemical method [5]. 
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B.  Shape modelling of marbling and proposed method 

In a previous study [12], we demonstrated that NIR 

images of meat samples are rich in information 

regarding the intrinsic composition of meat such as 

water, proteins and fat. Based on the geometric shapes 

of the marbling regions, it is possible to establish the 

relationship of the distribution and connectivity of the 

marbling at different depth levels of the meat sample. 

The process leading to the completion of this task is a 

process of pattern recognition that is in itself a large 

computer vision research field [13].    

To our knowledge, there is no report published so 

far that describe the geometric shape or pattern of fat 

deposition that leads to marbling of the lean muscle. 

Specifically, there is no scientific literature describing 

if the fat deposit follows a particular geometric shape, 

i.e: conical, cylindrical or otherwise. On the other 

hand, based on our observations and experimental 

research [14, 15], fat particle shapes leading to 

marbling regions are rather formed at random: 

spherical, conical, ellipsoid or any other complex 

shape. Nevertheless, according to our observations, the 

shape of marbling could be classified in two 

categories: 1) small isolated regions and; 2) in the 

form of solid areas connected between the two sides of 

the meat. Based on this categorization, volumetric 

marbling in meat sample is calculated: the first 

category is modeled as spheroid shape. The second 

category is modeled as a cylindrical or conical shape, 

as illustrated in Fig.2.  

 
 (a)                           (b)                     (c) 

Fig. 2 Model of two matched regions: (a), (b) and (c) 

cylindrical and conical shapes. 

The proposed method for volumetric marbling 

assessment of the meat sample can be summarized as 

follows:   

a) Isolate the marbling observed in VIS and NIR 

images using image segmentation (an example is 

shown in Fig.1c). At this stage, marbling regions in 

the meat are identified for all images.  

b) From the results obtained in a), classify the 

identified marbling regions according to their 

categories (Fig.2) and calculate the volumetric 

marbling of all regions according to their categories.  

c) From the results obtained in b) and using the 

volume of the meat sample, calculate the volumetric 

proportion of the marbling in the meat sample. 

III.   RESULTS AND DISCUSSION  

The proposed method was successfully tested on a 

total of 22 samples (sirloin, filet mignon, steak and 

Longissimus dorsi muscle of Angus beef). These 

samples were taken over a two month period from the 

shelves of specialty stores in butchery. These stores 

obtain their supplies from several cattle farms in 

different Canadian regions. These farms do not 

necessarily have the same breeds or use the same 

farming system. These factors affect the quality of 

marbling deposited between muscles [15]. 

The correlation between both methods, namely the 

calculation of the Pearson correlation coefficient is 

illustrated in Fig.3 and the linear regression (r) 

calculated from the 22 samples is 0.7. Hence the 

results show a reasonable trend between the results 

obtained from both methods. This demonstrates the 

viability of the proposed method. 

 

 
Fig. 3 Fat content correlation between the proposed method 

versus the chemical method 

IV. CONCLUSIONS  

In this paper, a flexible new non-destructive method 

using computer vision is proposed to predict the 
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volumetric intramuscular fat in beef meat. It is 

demonstrated that using NIR light in transmission 

mode, it is possible to detect not only the visible fat on 

the meat surface but also underneath the surface. 

Hence, segmented marbling regions are modeled 

according to their shapes, and finally, the volumetric 

proportion of the marbling in the meat sample is 

calculated. Results obtained using the proposed 

method in NIR are correlated (r = 0.7) with the results 

obtained using the chemical method, which is the gold 

standard for marbling determination. The proposed 

method is non-destructive, flexible, faster and 

effective, which make it a potential attractive 

alternative method to the cumbersome traditional 

chemical (destructive) method. 
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