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Abstract: A novel and rapid analysis of the type of meat using fluorescence spectrophotometry has been 

done. This method does not require complicated reagents and is environmentally friendly because it uses water as 

the solvent. The test sample was limited only to chicken meat and pork. Meat samples are taken from three chicken 

species, i.e., Broiler (Gallus domesticus), Domestic Chicken (Gallus gallus domesticus), Braekels Chicken (Gallus 

Turcicus), and Yorkshire pig (Sus scrofa Domesticus) species. Each sample was immersed in demineralized water. 

Then the extracted blood was analyzed using a fluorescence spectrophotometer. All types of samples exhibit a 

unique fluorescence spectra pattern. Furthermore, the mixed meat samples (pork and chicken) in various 

concentrations (0.5-30% of pork) were also analyzed. It was found that the excitation and emission peaks of mixed 

samples showed different spectra. This phenomenon can still be observed in a very low concentration of pork, 0.5%. 

The redshifted was observed, and the spectrum's intensity increased along with the concentration of pork. Scores of 

PCA (Principal Component Analysis) show four clusters of samples: Pork, Broiler, Domestic, and Braekels 

Chicken. This technique offers an efficient and accurate method to investigate meat contamination. 

Keywords: meat contaminant, fluorescence spectroscopy, principal component analysis. 

使用荧光分光光度法确定肉类类型的快速分析：鸡肉和猪肉 

摘要：已经使用荧光分光光度法对肉类类型进行了新的快速分析。这种方法不需要复杂

的试剂，而且因为它使用水作为溶剂，所以对环境友好。测试样品仅限于鸡肉和猪肉。肉样

品取自三种鸡，即肉鸡 (家鸡)、家鸡、布雷克尔斯鸡 (鸡鸡) 和约克夏猪 (家畜)。将每个样品

浸入软化水中。然后使用荧光分光光度计分析提取的血液。所有类型的样品都表现出独特的

荧光光谱模式。此外，还分析了各种浓度（猪肉的 0.5-30%）的混合肉样品（猪肉和鸡肉）

。发现混合样品的激发峰和发射峰呈现出不同的光谱。这种现象在非常低的猪肉浓度（0.5%
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）中仍然可以观察到。观察到红移，光谱强度随着猪肉浓度的增加而增加。主成分分析的分

数显示了四组样本：猪肉、肉鸡、家养和布雷克尔鸡。该技术提供了一种有效且准确的方法

来调查肉类污染。 

关键词：肉类污染物，荧光光谱，主成分分析。 

 
 

1. Introduction 

Food labeling and authentication, as well as safety 

and quality, are greatly prioritized by industries 

because they play an important role in determining 

consumer choices[1]. They are also important to avoid 

unfair competition and assure consumer protection 

against the industry. Meat is one of the most commonly 

consumed foods worldwide and contains essential 

healthy nutrients, including proteins, compared to 

plants [2]. However, some individuals strictly avoid 

consuming certain types of meat for themselves. 

Hence, information related to traded products needs to 

be conveyed to consumers. So, labeling and 

authentication help protect consumers [3]. One of the 

meats that certain people avoid is pork widely traded. 

Pig is relatively easy to raise, has low maintenance 

costs, high yields, and high-fat content, giving a 

distinctive taste [3]. Pork consumption is forbidden for 

people who practice the Islamic and the Jewish faith 

[4]. 1.8 billion Muslims and Jews worldwide are 

certainly potential meat consumers. Additionally, 

certain groups feel pork is unhealthy due to its high-fat 

content [5].  

There are two possibilities for someone buying an 

unwanted meat product: the first is meat contamination 

with other meat that occurs accidentally during 

production; the second is due to intentional product 

counterfeiting by the manufacturer [6]. This 

counterfeiting is detrimental to consumers and still 

occurs in the trade. The most common reason for 

counterfeiting is to downgrade the product quality so 

that the selling price is affordable and, in turn, can 

compete with other traders or get a more significant 

profit if one wants to sell at a regular price. The 

analysis of meat products has become an emerging 

challenge in overcoming this problem [7].  

Methods for detecting the contamination of meat 

with pork are greatly needed. Currently, different 

techniques are used to determine pork contamination in 

various food products, specifically meat. The pork 

adulteration detection in cooked meatballs products 

using immunological strip tests has been reported [8]. 

Although this method is quick and simple, it needs 

laboratory sample preparation. Furthermore, ATR-

FTIR spectroscopy coupled with chemometrics is a 

promising analytical technique for food quality studies 

[9]. It is quick, not destructive, and does not involve a 

complicated sample preparation process. This method 

is similar to the Fluorescence technique but costs a 

higher operational. LC combined with MS has also 

been reported to determine ingredients in livestock and 

poultry meat [10]. This method has high sample 

sensitivity and selectivity but needs specific reagents 

with a strenuous sample preparation procedure. 

Enzyme-linked immunosorbent assay (ELISA) to 

detect pork in meat products also has been reported, 

these method has sensitivity, specificity, and 

repeatability but requires expensive reagents and more 

time for sample treatment [11]. Real-time PCR fast 

detection assay for simultaneous pork, chicken, and 

beef has also been used for various products. Optical 

fiber and the electrochemical sensor were also 

developed for identifying pork contaminants in food 

[12,13]. The electrochemical sensor has good 

selectivity and sensitivity [14] but complicated sample 

preparation and expensive reagents [15,16]. Therefore, 

there is a need to develop a simple, fast, and relatively 

cheap method. In this paper, we reported a new method 

that is simple, fast, and inexpensive for distinguishing 

pork and chicken using spectrophotometry 

fluorescence. A similar technique has been reported in 

the biological and medical sciences [17–20]. The pork's 

fluorescence spectra characteristic can still be detected 

in mixed meat in low concentrations of pork as low as 

0.5%. Before fluorescence measurement, the water 

extracted blood from meat and fresh whole blood from 

pork and chicken were directly taken and diluted by 

demineralized water. The methods were evaluated on 

sensitivity, repeatability, and PCA. The results show 

that the proposed methods can be used in the regular 

analysis.  

 

2. Materials and Methods  
 

2.1. Materials 

The experimental samples of meat and blood from 

pork and chicken were taken from slaughterhouses at 

Sepanjang Market, Sidoarjo, East Java, Indonesia. 

Yorkshire Pig species was chosen for the Pork sample 

and labeled as ―Pork‖. Meanwhile, Broiler (Gallus 

Domesticus), Braekels (Gallus Turcicus), and 

Domestic (Gallus gallus Domesticus) were chosen for 

the chicken samples and labeled as ―Broiler‖, 

―Domestic‖, and ―Braekels ―. These are the most 

common species available in the Indonesian market. 

The blood and meat samples are taken just after 



190 

 

 

slaughtering. A 120 µL of blood from each sample is 

mixed with 10 mL of demineralized water. It is kept in 

a vial, while 50 grams of meat from each sample is 

kept in a Ziplock bag. The meat is taken from pigs’ and 

chickens’ thighs. All the samples were kept in the 

icebox at 4°C and transferred to the laboratory. All 

samples were processed for analysis within 12 hours. 

The chemical reagents for fluorescence spectroscopy, 

including Sulfuric acid (H2SO4, 98%) and hydrogen 

peroxide (H2O2, 30%), were purchased from Merck, 

Germany, while Piranha solution (3 H2SO4: 1 H2O2) 

was used for all glass cleaning procedures. 

 

2.2. Methods 

 

2.2.1. Blood Sample Preparation 

20 µL of each blood sample mentioned in section 

1.1 was pipetted and then placed into a 100 mL 

volumetric flask and filled with demineralized water to 

the limit. This stock blood solution was diluted 100 

times before measuring using spectrophotometer 

fluorescence. 

 

2.2.2. Meat Samples Preparation 

Ten grams of each meat sample mentioned in 

section 1.1 were cut into small pieces, placed in a 

beaker glass, and then immersed in 50 mL of 

demineralized water. The mixture was stirred using a 

magnetic stirrer for 5 minutes to extract the blood. 

Then, the mixture was filtered, and the filtrate was 

collected. Twenty microliters of the filtrate were 

pipetted and placed into a 100 mL volumetric flask,  

then added up with demineralized water to the limit. 

This stock meat extract solution was diluted 100 times 

before being measured using spectrophotometer 

fluorescence.  

 

2.2.3. Preparation of Mixed Meat Sample 

Mixed meat samples are made from pork and 

chicken meats (Broiler, Domestic, and Braekels 

Chicken) at various concentrations. The mixed meat 

samples were labeled "Mix". The percentage of pork 

was 0.5%, 1%, 10%, 20%, and 30% (w/w) with the 

total weight of 10 grams. This procedure was repeated 

for all three distinct types of chicken samples. The total 

weight of mixed meat was 10 grams. 

 

2.3. Fluorescence Spectrophotometry Measurement 

The blood and meat samples were analyzed using 

Perkin Elmer LS 55 fluorescence spectroscopy 

equipped with FL Winlab software [21]. The parameter 

of measurement was set as follows: Scan speed 

condition = 500 nm/min, SlitEx/Em = 10nm/10nm. To 

determine the maximum excitation and emission 

parameters, the Prescan was performed at λEx = 200-

800 nm and λEm = 200-900 nm. This parameter was 

used for all measurements [22]. All measurement was 

repeated five times, and all preparation samples were 

repeated three times for each species. One-way 

Analysis of Variance (ANOVA, p=0.05) followed by 

Least Significant Difference (LSD) was performed to 

see the significant difference between the group. The 

Principal Component Analysis (PCA) method was also 

used to determine the grouping based on the sample 

species. 

 

3. Results 
 

3.1. Fluorescence Spectra of Blood and Extracted 

Blood Sample 

The fluorescence spectra of blood (red line) and 

extracted blood (black line) from all samples are shown 

in Fig. 1. Fig. 1a shows fluorescence spectra for pork, 

whereas broiler, domestic, and braekels chicken 

samples are shown in Fig. 1b, 1c, and 1d, respectively. 

The fluorescence spectra from blood and extracted 

blood for the same sample type show the same 

excitation and emission wavelength. The exact values 

of emission and excitation peak wavelength are 

summarized in Table 1.  

 
Table 1 Excitation and emission wavelength of blood and extracted blood 

Sample Blood Wavelength (nm) Extracted blood Wavelength (nm) 

Ex Em1 Em2 Ex Em1 Em2 

Pork 1 309.2 ± 0.24 309.2 ± 0.24 620.1 ± 0.22 309.1 ± 0.22 309.3 ± 0.25 620.2 ± 0.24 

Pork 2 309.2 ± 0.24 309.3 ± 0.25 620.1 ± 0.22 309.1 ± 0.23 309.1 ± 0.29 620.2 ± 0.26 
Pork 3 309.2 ± 0.24 309.1 ± 0.22 620.1 ± 0.22 309.1 ± 0.22 309.1 ± 0.22 620.1 ± 0.22 

Means 309.2 ± 0.24 309.1 ± 0.23 620.1 ± 0.22 309.1 ± 0.22 309.1 ± 0.25 620.2 ± 0.24 

Broiler 1 330.2 ± 0.24 330.1 ± 0.22 678.1 ± 0.22 330.2 ± 0.24 330.1 ± 0.22 678.1 ± 0.22 
Broiler 2 330.1 ± 0.22 330.2 ± 0.24 678.2 ± 0.24 330.1 ± 0.21 330.1 ± 0.23 678.2 ± 0.23 

Broiler 3 330.2 ± 0.24 330.2 ± 0.24 678.2 ± 0.24 330.2 ± 0.24 330.2 ± 0.22 678.2 ± 0.22 

Means 330.2 ± 0.23 330.2 ± 0.23 678.2 ± 0.23 330.2 ± 0.23 330.1 ± 0.22 678.2 ± 0.22 
Domestic 1 334.1 ± 0.25 334.2 ± 0.25 663.2 ± 0.24 334.2 ± 0.25 334.2 ± 0.25 663.2 ± 0.24 

Domestic 2 334.2 ± 0.23 334.3 ± 0.24 663.2 ± 0.24 334.1 ± 0.24 334.4 ± 0.26 663.2 ± 0.24 

Domestic 3 334.2 ± 0.25 334.3 ± 0.25 663.1 ± 0.22 334.2 ± 0.25 334.3 ± 0.25 663.1 ± 0.25 
Means 334.2 ± 0.24 334.3 ± 0.25 663.2 ± 0.24 334.2 ± 0.25 334.3 ± 0.25 663.2 ± 0.24 

Braekels 1 332.2 ± 0.24 332.2 ± 0.24 658.4 ± 0.24 332.2 ± 0.24 332.1 ± 0.22 658.3 ± 0.24 

Braekels 2 332.2 ± 0.24 332.2 ± 0.24 658.3 ± 0.23 332.2 ± 0.24 332.2 ± 0.24 658.1 ± 0.23 
Braekels 3 332.3 ± 0.25 332.1 ± 0.22 658.2 ± 0.25 332.1 ± 0.22 332.1 ± 0.22 658.2 ± 0.22 

Means 332.2 ± 0.24 332.2 ± 0.23 658.3 ± 0.24 332.2 ± 0.23 332.1 ± 0.23 658.2 ± 0.23 
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Fig. 1 The fluorescence spectra of pork (a), broiler (b), domestic (c), and braekels (d) with a red line and black line are for blood and extracted 

blood. Ex and Em are for excitation and emission wavelength, respectively 

 

3.2. PCA Analysis Data for Blood and Extracted 

Blood Samples 

Principal Component Analysis (PCA) data analysis 

reduces the number of variables in a matrix by finding 

the selected principal component with the highest 

variation in the data set. The second principal 

component is perpendicular to the first principal 

component, with the next highest variation [23]. The 

PCs are composed of scores, where the first represents 

the variance in sample direction, thus being used to 

assess similarities/dissimilarities among the samples. 

The latter represents the contribution of each variable 

for the model decomposition, thus being used to find 

critical spectral markers. This technique looks for 

inherent similarities/differences and provides a scores 

matrix representing each sample's overall "identity". 

The score information can be used for exploratory 

analysis providing classification between data classes.  

PCA analysis data in this work were calculated from 

all sample's fluorescence spectra of blood and extracted 

blood (pork, broiler, domestic, and braekels). There are 

15 repetitions for each sample. The results of the PCA 

score for excitation and emission spectra can be seen in 

Fig. 2 and 3, respectively; Part (a) is for blood, and part 

(b) is for extracted blood. The score on PC1 shows the 

bands responsible for separation wavelength between 

pork, broiler, domestic chicken, and braekels chicken. 

The score on PC2 shows the bands responsible for 

spectra intensity, representing component 

concentration from each sample. The pattern of 

grouping samples using PCA has distinguished each 

type of sample. Based on the plot obtained, pork (red 

dot), broiler (green dot), domestic (blue dot), and 

braekels (black dot) have different characteristics. The 

closer one point to another increases the similarity of 

the sample spectrum. 
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Fig. 2 PCA score for excitation spectra of blood (a) and extracted 

blood (b). (● Braekels) (● Pork) (● Broiler) (● Domestic) 
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Fig. 3 PCA score for emission spectra of blood (a) and extracted 

blood (b). (● Braekels) (● Pork) (● Broiler) (● Domestic) 

 

3.3. Fluorescence Spectra Mixed Meat Samples 

The mixed samples from section 1.2.3 were 

measured using spectrophotometer fluorescence. The 

spectra obtained are overlaid for each type of mixed 

meat (for 0.5%; 1%; 10%; 20%; and 30% pork 

concentration) to analyze the changes in the 

fluorescence spectra. The influence of pork 

concentration on each type of chicken meat can be seen 

in Fig. 4, 5, and 6 for Broiler, Domestic, and Braekels 

chickens, respectively, which (a) is for excitation 

spectra, and (b) is for emission spectra. The detailed 

shift in wavelength can be seen in Table 2. Sample 

repetition to get the deviation standard uses the lowest 

concentration of pork (0.5%). 
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Fig. 4 The excitation (a) and emission (b) peaks of meat from pork 

control, broiler control, and mixed meat of broiler with pork 

concentrations of 0.5%; 1%; 10%; 20%; and 30% 
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Fig. 5 The excitation (a) and emission (b) peaks of meat from pork 

control, domestic control, and mixed meat domestic with pork 

concentrations of 0.5%; 1%; 10%; 20%; and 30% 
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Fig. 6 The excitation (a) and emission (b) peaks of meat from pork 

control, braekels control, and mixed meat of braekels with pork 

concentrations of 0.5%; 1%; 10%; 20%; and 30% 

 
Table 2 Excitation and emission wavelength mixed meat 

Species Control Meat 

Sample  

Wavelength (nm) 

Chicken meat mixture 

with pork  

Wavelength (nm) 

Description 

Pork 309.0 ± 0.22 - Excitation 

309.0 ± 0.26 - Emission 1 

620.0 ± 0.24 - Emission 2 

Broiler 330 ± 0.23 316.2 ± 0.25 Excitation 

330 ± 0.23 316.2 ± 0.24 Emission 1 

678 ± 0.23 657.0 ± 0.25 Emission 2 

Domestic 334 ± 0.25 315.0 ± 0.25 Excitation 

334 ± 0.25 315.2 ± 0.25 Emission 1 

663 ± 0.24 638.2 ± 0.25 Emission 2 

Braekels 332 ± 0.23 314.2 ± 0.24 Excitation 

332 ± 0.23 314.2 ± 0.24 Emission 1 

658 ± 0.23 652.2 ± 0.25 Emission 2 

 

3.4. PCA Data Analysis for Mixed Meat Samples 

The PCA data analysis for each type of mixed meat 

(0.5%; 1%; 10%; 20%; and 30% of pork) from broiler, 

domestic, and braekels chickens are presented in Fig. 7, 

8, and 9, respectively, in which (a) is for excitation 

spectra, and (b) is for emission spectra. The red dot is 

for the positive control (pork), while the negative 

control is green (chickens). Orange, purple, yellow, 

brown, and pink dots are 0.5, 1, 10, 20, and 30%. The 

score on PC1 shows the bands responsible for meat 

control and mixed meat concentration between pork 

and chicken type. The score on PC2 shows the bands' 

spectra intensity, representing component 

concentration from each sample. 
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Fig. 7 PCA score for meat: excitation (a) and emission (b) for 

broiler control (●), pork control (●) and mixed meat between broiler 

with pork concentration of 0.5% (●); 1% (●); 10% (●); 20% (●); 

and 30% (●) 
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Fig. 8 PCA score for meat: excitation (a) and emission (b) for 

domestic control (●), pork control (●) and mixed meat between 

domestic with pork concentration of 0.5% (●); 1% (●); 10% (●); 

20% (●); and 30% (●) 
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Fig. 9 PCA score for meat: excitation (a) and emission (b) for 

braekels control (●), pork control (●) and mixed meat between 

braekels with pork concentration of 0.5% (●); 1% (●); 10% (●); 

20% (●); and 30% (●) 

 

4. Discussion 
 

4.1. Performance Fluorescence for Identifying 

Blood and Extracted Blood 

Previous studies have been developed to identify 

meat from various species using the fluorescence 

method [24–26]. Consequently, this study aims to 

determine the characteristics of blood and meat sample. 

Demineralized water was used for the sample 

preparation because it is a universal solvent and does 

not pollute the environment. With a fluorescence 

spectrophotometer, our previous study used 

demineralized water as a solvent to characterize 

organic compounds in Andrographis paniculata L. [19]. 

A similar solvent is used to characterize the meat in 

this research since blood easily dissolves in water. 

 
Table 3 Amino acid composition from pork and chicken blood in 

mg/g protein [27] 

Parameter Pork Bloods Chicken Blood 

Essential Amino Acid 

Leucine 116.30 94.75 

Lysine 86.04 75.98 

Histidine 57.82 48.07 

Phenylalanine 57.49 56.00 

Tyrosine 25.83 31.34 

Non-Essential Amino Acid 

Aspartic Acid 111.25 79.00 

Alanine 71.49 67.48 

Glycine 40.64 35.57 

 

The fluorophores group in the sample generates 

fluorescence spectra. The farther the kinship between 

species, the further the difference in content and blood 

conditions they have. The closer the kinship between 

species, the closer the content and condition of the 

blood. For this reason, we developed a simple method 

to distinguish between species. We try to compare the 

spectra obtained from the spectrophotometer's 

measurement with the help of PCA calculation. We 

proposed a method to differentiate materials based on 

their physicochemical properties. When applied light to 

the blood sample at 200-800 nm, some light will be 

absorbed, and then some energy will be used to do 

vibration relaxation (a non-radiative process). The next 

step is an emission process (radiative process) which 

has lower energy than the energy absorbed in the 

absorption process [28]. This fluorescent activity is 

unique for every material, including the blood of an 

animal. [29,30]. There was a slight difference in the 

energy absorbed and emitted by the fluorophore group 

of the blood from different species (Fig. 1). Before 

comparing blood from different species, we also prove 

that the blood (red line, Fig. 1) and extracted blood 

from the meat (black line, Fig. 1) have no significant 

difference in the peak fluorescence spectra. The 

significance test between blood and extracted blood for 

each species is summarized in Table S1. All null 

hypothesis was accepted. So, the analysis of blood and 

meat gives the same result. The actual application to 

get a meat sample is more convenient than a blood 

sample. More information from this data shows we 

have the potency to distinguish various chicken 

species, but it needs more samples for justification.  

The PCA score supports the result, as shown in Fig. 

2 (excitation) and 3 (emission). Each type of sample 

can be distinguished. The closer one point to another 

increases the similarity of the spectra. The exact value 

of the excitation and emission are presented in Table 2. 

Standard deviation, ANOVA with LSD, and significant 

test calculation are performed and summarized in Table 

S2. These results show a clear separation between each 

sample. We can distinguish not only pork from chicken 

meat but also can distinguish the origin of each type of 

chicken meat itself. The differences in the amino acids 

and other compounds that make up blood probably 

cause these different spectra between samples. In this 

analysis, the fluorescence spectra correspond to the 

fluorophore group contained in the blood. A higher 

number of fluorophores affects the spectra' intensity 

value absorbed and emitted from the sample. In this 

case, pork blood has more significant amounts of the 

essential and non-essential amino acids (Table 3), so 

the fluorophore group is also higher than Broiler, 

Domestic, and Braekels Chicken blood. On the other 

side, the type of fluorophore group determines the 

amount of energy absorbed and emitted, presented in 

the wavelength. Pork blood absorbs at a shorter 

wavelength compared to chicken blood.  
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4.2. Performance Fluorescence for Pork 

Contaminant Determination in Mixed Meat 

Samples 

Fluorescence spectroscopy is successfully applied to 

distinguish every pure sample (i.e., pork, broiler, 

domestic, and braekels). This section would like to 

analyze if we mix pork with various chicken meat and 

then analyze using the same method. We see a decrease 

in wavelength when mixing pork with chicken meat 

(Table 2). The intensity increases successively as the 

concentration of pork increases in the mixing meat 

(Fig. 4, 5, and 6). So, we conclude that pork 

contamination in chicken meat mixtures can be 

identified by shifting the wavelength to the lower 

wavelength. The detection limit of this method 

achieves 0.5%, according to the smallest amount of 

pork added to the chicken sample. This result is also 

supported by the PCA score data shown in Fig. 7, 8, 

and 9. PCA data analysis separates pure meat (100% 

chicken meat) and mixed meat samples. There have 

been no reports of using this method to analyze 

adulteration or contamination of meat with other meats, 

while other methods are summarized in Table 4. 

Fluorescence analysis in distinguishing between meat 

is faster and simpler than other methods. Moreover, 

this study has another advantage as it eliminates 

reagent and complicated preparation steps, thereby 

shortening the measurement process's duration and 

cutting the operation cost. The whole process of 

analysis using this method is illustrated in Fig. 10. 

 
Table 4 Comparison study of the fluorescence analysis with several methods 

Method Preparation step Measurement time Reference 

Immunological strip test  Need time to fabricate the device and preparation 

steps 

 Non-reusable 

5 minutes [8] 

 

ATR-FTIR spectroscopy coupled with 

chemometrics 
 Need Specific reagent for isolation sample 

 Need more time for sample preparation 

30 minutes [9] 

LC method combined with MS  Specific Reagen 

 Long time Preparation sample 

25 minutes [10] 

Enzyme-linked immunosorbent assay 

ELISA 
 Specific Reagen 

 Complicate preparation sample 

1 hour 10 minutes [11] 

Real-time PCR  Expensive Reagen 

 Complicate preparation sample 

40 minutes [16] 

Fluorescence analysis  Simple Preparation 

 No reagent 

4 minutes This research 

 

 
Fig. 10 Illustration of fluorescence process for meats determination 
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5. Conclusion 
Spectroscopy fluorescence has been applied 

successfully to identify adulteration or contamination. 

This technique has not been used to be applied to 

identify adulteration meat. This method has the 

advantages of fast, simple, green, uncomplicated 

preparation, and low cost. The analysis utilizes the 

physicochemical characteristic of the blood sample. 

The blood sample can be obtained from the blood or 

extracted blood from the meat. The blood and extracted 

blood have been proved to have similar characteristics. 

This behavior is very useful to be used to differentiate 

between meat samples. We have successfully 

differentiated pork, Broiler, Domestic, and Braekels 

from their excitation and emission spectra. 

Furthermore, we have successfully detected pork 

contamination to 0.5% in the meat adulteration case. 

PCA analysis also helps to show the clear mapping of 

data distribution between samples. In this study, we do 

research only on mixing chicken meat with pork. Other 

types of meat, such as beef or lamb, can give different 

mapping.  
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Supplementary Data 
Table S1 Significant test 

Sample F-test T-test Conclusion 

Pork Blood Equal Variance H0 accepted No Significant Difference 

Extracted Blood 

Broiler Blood Equal Variance H0 accepted No Significant Difference 

Extracted Blood 

Domestic Blood Equal Variance H0 accepted No Significant Difference 

Extracted Blood 

Braekels Blood Equal Variance H0 accepted No Significant Difference 

Extracted Blood 

Notes: 

Peak Sample: 

1. Pork: Ex = 309.1 nm, Em1 = 309.1 nm, Em2
 = 620.2 nm 

2. Broiler: Ex = 330.2 nm, Em1 = 330.2 nm, Em2
 = 678.2 nm 

3. Domestic: Ex = 334.2 nm, Em1 = 334.3 nm, Em2 = 663.2 nm 

4. Braekels: Ex = 332.2 nm, Em1 = 332.1 nm, Em2 = 658.2 nm 

 
Table S2 LSD test for each type of sample 

Sample Wavelength (nm) LSD Conclusion 

 Ex Em1 Em2 Ex Em1 Em2  

Pork 309.1 ± 0.22a 309.1 ± 0.25a 620.2 ± 0.24a 0.17 0.19 0.10 Significant difference 

Broiler 330.2 ± 0.23b 330.2 ± 0.22b 678.2 ± 0.22b 

Domestic 334.2 ± 0.25c 334.3 ± 0.25c 663.2 ± 0.24c 

Braekels 332.2 ± 0.23d 332.1 ± 0.23d 658.2 ± 0.23d 

Notes: 

1. Values are given as means ± SD 

2. Different superscripts in the same columns indicate significant differences 
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