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In Indonesia, individuals have been found engaging in fraud 

for selling soupy dishes by adding pork fat to the broth. It is 

quite challenging to identify the pork fat contaminated soup 

from other halal broth. Using Machine learning, this studi 

attemps to identify and differentiating between RGB (Red 

Green Blue) values in picture of broth tainted with chicken 

and pork fat. The successful detection and differentiation of 

RGB values in broth contaminated with pork fat and chicken 

fat have been achieved. The broth samples were detected 

using a high-power UV-LED (Ultra Violet-Light Emitting 

Diode) Fluorescence Imaging System, while differentiation 

was accomplished through the implementation of a machine 

learning system. The data were processed using RapidMiner 

software with the K-NN algorithm. Detection was 

successfully performed through the spectrum of RGB values 

generated, while differentiation achieved a accuracy of 

100%, precision of 100%, recall of 100%, and an AUC of 

1.0. 
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I. INTRODUCTION  

Based on the MUI (Majlis Ulama Indonesia) 

fatwa outlined in decision No. 4 of 2003 on the 

standardization of Halal food products, pork and 

its derivatives are considered forbidden (haram) 

food products. However, in reality, because that 

it enhances tenderness and imparts a pleasant 

aroma to dishes, many individuals still add pork 

fat into processed foods [1][2]."Kue pia" can 

have its texture improved by adding lard or pork 

fat, which makes the cake crispier and more 

tasty [3]. One of dishes is adding  pork fat into 

soup. Based on appearance, taste, smell, and 

color, it is challenging to distinguish soup broth 

contaminated with pork fat from broth without 

it. Several methods are needed to detect pork fat 

content in soup. Real-time Polymerase Chain 

Reaction (RT-PCR) is a tool that has been used 

to detect pork fat. RT-PCR has been widely 

employed for analyzing biological samples, 

including amplifying DNA (deoxyribonucleic 

acid) molecules [4]. It exhibits high sensitivity 

[5] and has been developed in recent years for 

testing food halalness [6]. However, RT-PCR 

requires professional expertise and involves 

substantial costs. Therefore, there is a need for 

more low cost technological development [5]. 

An alternative method that can be developed is 

the use of fluorescence spectroscopy. The High 

Power UV-LED Fluorescence Imaging System 

(HPFIS) is a detection system designed and 

built by [7]. It has been successfully used for 

detecting contaminants in liquid detergent 

solutions [8], formaldehyde-contaminated tofu 

[9], borax-contaminated cilok [10], and borax-

contaminated wet noodles [11]. The High power 

UV-LED fluorescence imaging system make 

use of the principle of fluorescence correlation 

spectroscopy as a UV light-based detection 

technique with a camera device. During the 

tool’s detection process, a fluorescence event 

happens as a result of the interaction between 

the tool’s light source and the atoms present in 

the sample. These atoms are then detected and 

recorded in the form of an image [7]. While 

HPFIS detections have been tested for accuracy 

and precision in those detecting, but the tool has 

shown limitations in differentiating samples 

effectively. This limitation has inspired 

researchers to apply HPFIS as a detection tool 

for pork and chicken fat content in soup, 

combined with machine learning using the K-

Nearest Neighbors (K-NN) algorithm [12] to 

differentiate RGB (red-green-blue) values in 

contaminated broth images. The K-NN 

technique has been extensively utilized in 

classification issues because of its efficiency 

and simplicity [13]. Using the majority of the 

data from the closet data category, this algoritm 

is used to classify an object. Since it is said to 

be the most effective technique for categorizing 

data [14], it is should be able to handle the 

differentiation problems in the classification of 

pictures of broths tainted with chicken and pork 

fat. Equation (1) through (4) are used in order to 

compute accuracy, precision, recall, and AUC 

(Are Under Curve) wich indicate how well RGB 

values in tainted broth images can be 

distinguished. Accuracy reflects the closeness 

between the system's predicted values and 

human predictions [12], and measurement is 

performed using classification performance, 

generally utilizing a confusion matrix. The 

confusion matrix records the classification 

performance results [15]. In binary 

classification problems for two classes, such as 

classes 1 and 0, each cell      in the matrix 

represents the number of data from class i 

whose predictions fall into class j. For instance, 

cell     is the number of correctly predicted 

class 1 data (TP/true positive), and     is the 

data in class 1 incorrectly predicted as class 0 

(TN/true negative). All data are expressed as the 

sum of TP, TN, FP, and FN, where FP is false 

positive, and FN is false negative. Precision is 

the number of true positive data (correctly 

recognized positive data) divided by the number 

of data recognized as positive, and recall is the 

number of true positive data divided by the 

number of truly positive data (true positive + 

true negative) [15]. AUC calculates the area 

under the ROC (Receiver Operating 
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Characteristic) curve. It is used to measure 

discriminative performance by estimating the 

output probability of randomly selecting a 

sample from the positive or negative population. 

The larger the AUC, the stronger the 

classification used [16] and [17]). AUC values 

range from 0.0 to 1.0. 
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II. LITERATURES REVIEW 

The identification and classification of texture-

based digital images through feature extraction 

using GLCM (Gray Level CO-occurrance 

matrix) with the K-NN algorithm is one of the 

prior works that are closely related to the 

application of the K-NN method [18]. 

Afterward, a meatball categorization system 

with a borax content was developed utilizing the 

K-NN algorithm and an Arduino Mega, a PH 

sensor and color sensor [19]. The system 

achieved an accuracy 93,33%. With an accuracy 

80,95%, a system for classifying chicken flesh 

utilizing an Arduino Mega, TGS26020 sensor, 

and K-NN for dead chicken, spoiled chicken 

and formalin-treated chicken meat is developed 

[20]. Marlis [21] then developed a 93,33% 

accurate predictive algorithm for white copra 

quality utilizing RGB color attributes and form 

(area and perimeter). The studies that have 

utilized HPFIS include research from [8][9][10] 

and [11]. Meanwhile detection of oil and fat 

substances has been conducted by [22] where 

detection of suspected pork oil in canola oil has 

also been done using an electronic nose based 

on linear discriminant analysis (LDA). 

Additionally, [23] analyzed the presence of pork 

oil contaminants in face moisturizer using 

Fourier Transform Infrared Spectroscopy 

(FTIR). K-NN is an algorithm for classifying an 

object based on the majority data of the nearest 

data category.  [24] used K-NN to classify tofu 

contaminated with formaldehyde, and [25] 

employed K-NN to classify skin cancer types 

based on texture and color features of images. 
 

III. FRAMEWORK 

The framework used in this research includes 4 

stages, including   Preparation   Stage,   Data 

Collection, Machine Learning Model, 

implementation for differentiating. More 

detailed information about the research method 

can be seen in Figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research Flowchart 

 

IV. METHODS  

This research utilized the High Power UV-LED 

Fluorescence Imaging System (HPFIS) as 

illustrated in Figure 2(a). The system is 

composed of four high-power UV-LEDs as the 

light source with a wavelength of 395 nm [7]. It 
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also includes an image recording subsystem 

consisting of a M-Tech WB-100 webcam 

camera and a photocopier lens to enhance object 

clarity. The system records images generated 

from the fluorescence phenomenon of the 

samples and then displays the images along with 

RGB values on the HPFIS software. The 

differentiated samples are soup broths 

contaminated with pork fat and chicken fat. The 

image recorder is shown in Figure 2(b). 

 

The samples are 10 cups of broth contaminated 

with pork fat and 10 cups of broth contaminated 

with chicken fat. Each cup of broth contains 0.5 

grams of salt, 0.5 grams of finely chopped 

garlic, and  water boiled to a temperature of 

100°C. In 10 cups, pork fat is added with a mass 

variation from 0.5 grams to 5 grams, and in 

another 10 cups, chicken fat is added with a 

mass variation from 0.5 grams to 5 grams to. All 

ingredients are stirred using a magnetic stirrer 

for three minutes at a speed of 300 rpm. Each 

cup (sample) is measured 10 times, resulting in 

a total of 100 data points for broths 

contaminated with pork fat and 100 data points 

for broths contaminated with chicken fat. 

 

The research consists of three stages from 

preparation, data collection, and data 

processing. Data collection by HPFIS is 

conducted to obtain RGB values for each 

sample. The data collection process is illustrated 

in Figure 3. 

 

 

 

 

Figure 2(a). HPFIS Figure 2(b). Software interface of UV Fluorescence 

Imaging System 
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Figure 3. Flowchart of Data Collection 

 

Whereas the RGB values of the 200 data 

obtained from the instrument are displayed 

through RapidMiner software, as shown in 

Figure 4. Data processing is conducted using 

machine learning with the K-NN algorithm, 

which can differentiate the RGB values of 

broths contaminated with pork fat and chicken 

fat. The data processing involves three stages: 

preprocessing, processing, and evaluation, as 

depicted in Figure 5. Preprocessing involves 

creating new data before the actual processing, 

accomplished through sample imputation using 

bootstrapping with replacement. This ensures a 

consistent data quantity while introducing 

changes in the dataset to estimate standard 

errors. Processing is the data processing phase 

to obtain results from differentiating between 

pork fat and chicken fat using K-NN 

imputation. The algorithm's performance is 

validated through 10-fold cross-validation, 

enabling the determination of accuracy, 

precision, recall, and AUC based on the 

differentiation results. Evaluation is the process 

of calculating the optimal k-value by assessing 

accuracy through confusion matrices, precision, 

recall, and AUC. This step is crucial for 

determining the best k-value that maximizes 

accuracy while considering various performance 

metrics. The types of evaluation conducted in 

this study are accuracy, precision, and AUC 

(Area Under the Curve). 

 

 

 
Figure 4. RGB Display 

1.View finder 2. Active Webcam 3. Colour Mode 4. Colour Sensitivity Setting 5. Citra acquitition 

panel 6. Stop acquitition panel 7. Citra Display 8. Citra Restore panel 9. Average Hystogram 
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10.Colour spectra Graph Panel 11. Export graph to exel panel 12.Colour hystogram Tab 13. Colour 

Spectra 

 

 

 
Figure 5. Data Processing 

 

V. RESULT  

The results of detecting broths contaminated 

with pork fat, represented by RGB values, are 

shown in Figures 6(a) to 6(e), whereas chicken 

fat represented by RGB values, are shown in 

Figures 7(a) to 7(e). The RGB values obtained 

are numerical data that are subsequently input 

into Microsoft Excel. 

 

Figure 6 (a). RGB citra broth contaminated 

with pork fat at a concentration of 0.5 grams 

 

 

Figure 6 (b). RGB citra broth contaminated with 

pork fat at a concentration of 1,5 grams 

 
Figure 6 (c). RGB citra broth contaminated with 

pork fat at a concentration of 2.5 grams 
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Figure 6 (d). RGB citra broth contaminated with 

pork fat at a concentration of 3.5 grams 

 

Figure 6 (e). RGB citra broth contaminated with 

pork fat at a concentration of 5 grams 

 

 

Figure 7 (a). RGB citra broth contaminated with 

chicken fat at a concentration of 0.5 grams 

 

Figure 7 (b). RGB citra broth contaminated with 

chicken fat at a concentration of 1,5 grams 

 
Figure 7 (c). RGB citra broth contaminated with 

chicken fat at a concentration of 2.5 grams 

 
Figure 7 (d). RGB citra broth contaminated with 

chicken fat at a concentration of 3.5 grams 

 

 

Figure 7 (e). RGB citra broth contaminated with 

chicken fat at a concentration of 5 grams 

 

The RGB values of the images were 

differentiated using machine learning with the 

K-NN algorithm. Bootstrap imputation, 

involving the imputation of the dataset, was 

employed to estimate standard errors in 

processing the RGB values of 200 sample data. 

The results of differentiating broths 

contaminated with pork fat and chicken fat are 

obtained from accuracy, precision, recall values, 

and AUC, as depicted in Figures 8(a) to 8(d). 
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Figure 8 (a). Accuration of differentiation between broths contaminated with pork fat and chicken fat. 

 

 
Figure 8 (b). Precission of differentiation between broths contaminated with pork fat and chicken fat 

 
Figure 8 (c). Recall of differentiation between broths contaminated with pork fat and chicken fat 

 
Figure 8 (d). AUC of differentiation between broths contaminated with pork fat and chicken fat 
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V. DISCUSSION 

Shown in Figure 6 (a) to 6 (e), the spectrum of 

each sample indicates the peak spectrum located 

in bin 39, and the color histogram is around the 

greenish color and shown in Figure 7 (a) to 7 

(e), the spectrum of each sample indicates the 

peak spectrum located in bin 42, and the color 

histogram is around the bluish color. The 

difference in color spectrum shown in Figure 6 

and Figure 7 is influenced by the number of bits 

in each pixel or different color ranges. The RGB 

color model used to display colors on monitors 

is based on the tri-stimulus vision theory, where 

the human retina is sensitive to the wavelength 

of light entering, with a wavelength of 630 nm 

for the color red, 530 nm for green, and 450 nm 

for blue [26]. Based on the obtained data, there 

is inconsistency in the data of broth 

contaminated with pig fat and chicken fat, 

which is influenced by the differences in 

contaminants found in the samples. The best k 

value is selected using parameter optimization, 

one of which is using 10-fold cross-validation. 

In this study, the best k value used is k=1. As 

shown in Figure 8 (a), an accuracy result of 

100% was obtained for differentiating broth 

contaminated with pig fat and chicken fat. This 

accuracy calculation uses a confusion matrix, 

where the number of data for each class can be 

determined. Based on the calculation results in 

Equation 1, an accuracy value of 100% is 

obtained. Figures 8 (b) and 8 (c) show the 

precision and recall results of differentiating 

broth contaminated with pig fat and chicken fat, 

which are both 100%. Precision and recall 

calculations use formulas in Equations 2 and 3. 

The accuracy, precision, and recall values have 

exceeded the minimum Indonesian National 

Standard (SNI) value of ≥ 97%. Figure 8 (d) 

shows the AUC result of differentiating broth 

contaminated with pig fat and chicken fat, 

which is 1.0. This value is classified as excellent 

classification. Based on the overall results of 

accuracy, precision, recall, and AUC, it can be 

concluded that the high-power UV-LED 

fluorescence imaging system combined with 

machine learning and the K-NN algorithm can 

be used to differentiate broth contaminated with 

pig fat and chicken fat effectively. 

VI. CONCLUSION  

Based on the obtained results, it can be 

concluded that broth contaminated with pork fat 

and chicken fat has been successfully detected 

using the previously designed High Power UV-

LED Fluorescence Imaging System (HPFC). 

The RGB values of images of broth 

contaminated with pork fat and chicken fat were 

successfully differentiated using machine 

learning with the K-NN algorithm, achieving an 

accuracy of 100%, precision and recall of 100%, 

and an AUC value of 1.0.  
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