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Abstract- Beef is one of the many produce prone to 

contamination by microorganism. Water and nutrition contents 

make an ideal medium for the growth and proliferation of 

microorganism. Contaminated beef will degrade and has less 

storage duration. Beef is valued by two factors; its price and its 

quality. The quality itself is measured using four characteristics; 

marbling, color of meat, color of fat, and meat density. 

Specifically, marbling is the dominant parameter that determines 

meat’s quality. Determination of meat quality is conducted 

visually by comparing the actual meat and reference pictures of 

each meat class. This process is very subjective in nature. 

Therefore, this research aims to develop an automated system to 

determine meat by adopting the Indonesian National Standard 

requirement on the quality of carcass and beef (SNI 3932:2008)

using the image processing technique. Image segmentation is 

carried out using the thresholding method and classification is 

conducted using the k-nearest neighbor algorithm. The features 

used to differentiate beef quality are marbling score, color of 

meat, and color of fat. Results indicate that the system developed 

is able to acquire images and identify beef quality as required in 

the Indonesian National Standard. 
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I. INTRODUCTION 

Beef is one of the many produce prone to contamination by 

microorganism. Water and nutrition contents make an ideal 

medium for the growth and proliferation of microorganism [1, 

2]. Contaminated beef will degrade and has less storage 

duration. Beef is valued by two factors; its price and its quality. 

The quality itself is measured using four characteristics; 

marbling, color of meat, color of fat, and meat density. 

Specifically, marbling is the dominant parameter that 

determines meat’s quality [3, 4]. Determination of beef quality 

is conducted visually by comparing the actual meat and 

reference pictures of each meat class. This process is very 

subjective in nature. Therefore, this research aims to develop 

an automatic system to determine meat quality based on the 

marbling score using the image processing technique. Some 

research have shown that image processing can be applied to 

analyze the color and texture of meat that it can be used as a 

reference in the process of beef quality identification [3,4,5,6]. 

Furthermore, marbling grade evaluation has been conducted 

using the watershed algorithm and artificial nerve network [7]. 

This research focuses on the development of image 

segmentation process using the thresholding method and image 

classification using the k-nearest neighbor algorithm. Some 

research has already applied image processing with 

thresholding segmentation to extract features [8, 9, 10, 11]. 

This method is suitable for the process of meat quality 

identification based on color and texture. The algorithm 

developed proves to yield good results, that it can be 

implemented for the analysis of meat color and texture. Some 

methods applicable for this research include the thresholding 

segmentation method that can be used to identify marbling in 

meat. 

II. LITERATURE REVIEW 

Some research on the application of image processing for 

beef quality identification has been conducted earlier [4, 5, and 

6]. One of those researches tried to determine the quality of 

meat using texture analysis with the gray level co-occurrence 

matrix (GLCM) method [3]. Beef quality is categorized into 12 

grades based on the amount of fat it contains. Results show that 

this method is effective in determining the quality of meat. One 

research on the application of image texture to classify beef 

type yielded a correlation up to 0.8 [5]. Yet another research 

that designed the hardware and software for beef image 

segmentation using the vision thresholding method has been 

used as the initial process for meat quality testing [6]. Those 

researches indicate that image processing can be applied to 

identify beef quality. 

The research conducted here tries to identify beef quality 

using the image processing technique referring to the 

Indonesian National Standard (SNI 3932:2008) on carcass and 

beef quality [12]. Beef quality requirements are classified into 

three; Class I, II, and III. Beef quality classes based on SNI is 

given in Table I. 

TABLE I 

BEEF QUALITY REQUIREMENT (SNI 3932:2008) [12]

No.
Type of 

test

Quality Requirement

I II III

1
Beef 

Color

Bright Red

Score 1-5

Blackish Red

Score 6-7

Dark Red

Score 8-9

2 Fat Color
White

Score 1-3

Yellowish 

White

Score 4-6

Yellow

Score 7-9

3 Marbling Score 9-12 Score 5-8 Score 1-4

4 Texture Soft Medium Coarse
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 Beef color observation is carried out by observing the color 

of the surface rib tendon with the help of a flashlight and then 

matching that with the standard color. The color score is based 

on the standard color score that is closest to the observed color. 

The beef standard color consists of nine color scores, ranging 

from light red to dark red, as depicted in Fig. 1. 

Fig. 1. Beef standard color [12]. 

Fat color observation is conducted by observing the color of 

thin layers of fat with the help of a flashlight and matching 

them with the standard color. The color score is based on the 

standard color score that is closest to the observed color. The 

fat standard color consists of nine color scores from white to 

yellow as can be seen in Fig. 2. 

Fig. 2. Fat standard color [12]. 

Marbling observation is done by observing the intensity of 

marbling on the surface rib tendon with the help of a flashlight 

and matching it with the standard marbling. The marbling score 

is based on the nearest score to the surface rib tendon marbling 

intensity. Standard marbling consists of 12 scores, ranging 

from practically no marbling to numerous marbling, as 

described in Fig. 3. 

Fig. 3. Marbling standard color [12].

Observation of tendon texture is carried out by observing the 

softness/coarseness of surface rib tendon with the help of a 

flashlight and matching it with the standard meat texture. The 

texture score is based on the closest score to the standard 

texture. Meat texture standard consists of three scores; soft, 

medium, and coarse [12]. 

III. METHOD 

The system design for beef quality identification in this 

research comprises beef image acquisition, image 

segmentation, features extraction, and beef quality 

classification. The diagram block for this system design is 

given in Fig. 4. 

Fig. 4. Research block diagram. 

Image acquisition is conducted vertically by varying the 

distance for image acquisition, camera resolution, and angle of 

acquisition. The distance variations employed are 20 cm and 30 

cm. And the resolution is varied from 3.2 MP, 4 MP, and 5 

MP. The varied angles are 00, 450, 900, 1350, 1800, 2250, 2700,

3150, and 3600. The image processing starts from image 

segmentation consisting of two stages. The first is separating 

the object (meat and fat) from the background. This process 

begins with thresholding the blue channel of the RGB (Red, 

Image 
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Green, and Blue) image to obtain a binary image. Afterwards, 

the binary image is used as a mask for object cropping. Once 

the object is separated from the background, the second stage 

of segmentation i.e. meat and fat separation proceeds. This 

process itself starts by converting the RGB color image into 

grayscale. Then, the process of thresholding to separate meat 

and fat can ensue. The features used to determine beef quality 

are marbling score, beef color, and fat color. Marbling score is 

represented by the percentage of fatty area and the area of 

object (both meat and fat). The meat color and fat color are 

represented by the hue image on the HSV channel. In this 

research, marbling score, meat color, and fat color are extracted 

as features that determines beef quality. The process of beef 

quality classification is conducted using the k-nearest neighbor 

algorithm. 

IV. RESULT AND DISCUSSION 

Stages of image processing to identify beef quality 

comprise image acquisition, image segmentation, features 

extraction, and meat classification. 

A. Image Acquisition 

Results of beef image acquisition along with its marbling 

score is given in Fig. 5. It can be seen that there are five 

marbling scores that match the ones in the market. The 

marbling scores in this research are 4, 5, 6, 7, and 9. 

Fig. 5. Samples of beef image acquisition 

Image acquisition is conducted vertically by varying the 

distance, camera resolution, and angle of acquisition. The 

varied distances are 20 cm and 30 cm and the varied 

resolutions are 3.2 MP, 4 MP, and 5 MP. Samples of beef 

image resulting from distance and resolution variations are 

given in Table I. 

TABLE I 

SAMPLES OF BEEF IMAGE RESULTING FROM VARIED DISTANCE AND 

RESOLUTION

Resolution

3,2 MP 4 MP 5 MP

Distance

20

cm

30
cm

In order to figure out the effect of angle in image 

acquisition, the following variations are made; 00, 450, 900,

1350, 1800, 2250, 2700, 3150, and 3600, as depicted in Fig. 6. 

Fig. 6. Samples of meat image resulting from angle variation.

B. Image Segmentation 

Image processing begins with image segmentation that 

consists of two stages. The first step is separating the object 

(meat) from its background. It begins with thresholding the 

blue channel of the RGB (Red, Green, and Blue) image to 

obtain a binary image. Afterwards, the binary image is used as 

a mask for object cropping, as described in Fig. 7. 

(a)               (b)  (c)          (d) 

Fig. 7. The first stage of image segmentation; (a) RGB image; (b) Blue 

channel; (c) Binary image; (d) Segmentation result 

Once the object is separated from the background, the 

second stage of segmentation i.e. meat and fat separation 

proceeds. This process itself starts by converting the RGB 

color image into grayscale. Then, the process of thresholding to 

separate meat and fat can ensue, as outlined in Fig. 8. 

      (a)               (b)                (c)               (d)               (e)               (f) 

Fig. 8. The second stage of image segmentation; 

(a) RGB image; (b) Grayscale image; (c) Meat binary image; 

(d) Meat segmentation result; (e) Fat binary image; (f) Fat segmentation result 

C. Features Extraction 

The features used to determine beef quality are marbling 

score, color of meat, and color of fat. Marbling score is 

represented by the percentage of fatty area and the area of 

object (both meat and fat). The meat color and fat color are 

represented by the hue image on the HSV channel. Samples of 

features extraction result are given in Table II. 
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TABLE II 

SAMPLES OF FEATURES EXTRACTION RESULT OF BEEF IMAGE 

Those three extracted features are then used in the process 

of meat classification. 

D. Beef Quality Classification 

The classification process uses the k-nearest neighbor 

algorithm. K-nearest neighbor is an algorithm that classifies 

objects based on similarities of data to the others. 

Geometrically, the nearer a trial data to a test data, the more 

likeness they have. The value of k in this algorithm states the 

number of nearest neighbors involved in the determining the 

class prediction label on test data. From the chosen k 

neighbors, a class voting from those k-neighbors proceeds. 

Then the class with the most neighbors is the class label 

predicted for that test data. Fig. 9 depicts a graphical 

representation of k-nearest neighbor distribution for beef 

quality test by determining the meat and fat color as stated in 

the Indonesian National Standard. 

  

         (a)         (b) 
Fig. 9. K-nearest neighbor distribution graph; 

(a) Color of meat; (b) Color of fat. 

Beef quality determination is made by matching the 

percentage of fat on beef images with that of the Indonesian 

National Standard. A sample of beef quality classification 

based on the Indonesian National Standard requirement is 

given in Table III. 

TABLE III 

SAMPLES OF BEEF QUALITY CLASSIFICATION

It can be seen in Table III beef quality is classified based on 

features of color of meat, color of fat, and marbling score as 

required in the Indonesian National Standard. This shows that 

requirements for quality beef can be integrated into image 

processing system. 

V. CONCLUSION 

Results of this research show that the system developed 

here is capable of exceptionally acquire images and identify 

beef quality. This image processing system is designed by 

adopting the requirements of the Indonesian National Standard 

on carcass and beef quality (SNI 3932:2008). 
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