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Abstract 

Indonesia is a country with a majority of Muslim population. As a Muslim majority country, providing halal products 

becomes a liability. The problem that has received a lot of attention right now is the concern that contamination of food 

products by meat, one of them is dog meat. The purpose of this study was to authenticate dog fat by using Gas 

Chromatography-Mass Spectrophotometry (GC-MS)combined with chemometrics.  

Dogs that used in the study were taken from Bantul, Yogyakarta. Dog snacks were heated in an oven at 90-100ᵒC for 

approximately one hour. Oils / fats obtained from derivatization process was carried out by using NaOCH3 and BF3. The 

methyl ester compound was injected into the GC-MS instrument system. 

The Results of this study was dog fat that analyzed by GC-MS contains 9 types of fatty acids, namely: lauric (1.19 ± 

0.25)%, myristate (4.33 ± 0.30)%, pentadekanoate (0.12 ± 0.02)%, palmitoleate (4.60 ± 0.07)%, palmitate (12.80 ± 

2.90)%, margarate (0.13 ± 0.09)%, oleate (44 , 33 ± 5.22)%, stearic (14.71 ± 0.32)%, and arachidonic (1.29 ± 0.11)%. 

Total content of fatty acids in dogs was 50.22% and saturated fatty acids were 33.03%. Chemometric grouping with the 

Principles Component Analysis (PCA) shows that dog fat is very close to lard. The fatty acids that contained in dog fat 

can be used to authenticate dog meat. 
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1. Introduction 

Along with rising incomes lead to demand for meat consumption in various regions of Indonesia have increased. 

Increased consumption of meat in Indonesia not only includes halal meat such as beef but also non-halal meat such as 

dog meat which in some areas is a local food that is in great demand by the public (Rahayu,  et al., 2018). This can be 

seen from the number of processed dog meat vendors that are provided every week for slaughter. 

Currently falsification with halal meat using dog meat is quite profitable since the trade in wild dogs in several countries 

is carried out at cheap prices (Guntarti and Pratiwi, 2017; Rahman et al., 2014). As in the case, the discovery of 

processed beef product counterfeiting by using dog meat in Bandung Raya. The Criminal Investigation Unit of 

Pameungpeuk Police of Bandung Police managed to dismantle the dog meat sales network that had been troubling the 

public. Based on the investigation, the dog meats that have been slaughtered then processed into various types of food 

including meatballs, rendang and sausages then sold in various restaurants in Bandung (Guntarti et al., 2015).  

One common technique used for oil characterization is gas chromatography. It also can be used for food analysis for the 

determination of antioxidants, food additives, dairy products, contaminants, and food counterfeiters (Grob, 2004). 

GC-MS can analyze quickly, high capacity, sensitive and can be combined with various other methods, including mass 

spectrometry (Park and Lee, 2003). Because of its separation characteristics, chromatographic techniques had been 

widely developed and used in the analysis of non-halal components in food products (Rohman and Che Man, 2011b). 

The selection of detectors is important. The detector is an electronic sensor that converts the signal of the carrier gas and 

the components in it into electronic signals (Flores et al., 2006). Various detectors have been used for the analysis of 

pork fat components particularly the fatty acid composition analysis. The detector that commonly used was flame 

ionization detector (FID) or a mass spectrometer detector whose combined with gas chromatograph called gas 

chromatography-mass spectrometry (GC-MS) (Grob, 2004). The FID detector is the most universal detector for organic 

compounds (Kealey and Haines, 2002). 

GC applications are for the analysis of compounds that are heat-stable and quite volatile. The approach taken for the 

analysis of fatty acids in the oil compiled TAG is the derivatization techniques to form methyl esters (Indrasti et al., 

2010; Park and Lee, 2003). This approach cannot identify the actual TAG molecule but only calculates the percentage 
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of fatty acids from the total TAG fraction (Ruiz-Samblas et al., 2010). Analysis of food adulteration with lard depends 

on the identification and determination of certain characteristics of the constituents. Analysis of lard with GC was 

carried out by observing the fatty acids derivatized as methyl esters (Takenaga et al., 2008; Rohman et al., 2012). 

2. Research Methods 

2.1 Material 

The sample that used was a dog lard from Bantul, Yogyakarta, pork lard, goat lard, chicken lard, wild boar lard and 

cattle lard. Other materials that used in this research were n-hexane, NaOCH3 solution 0.2 N, solution of BF3, saturated 

NaCl and anhydrous Na2SO4 (Rohman and Che Man, 2011; Kumar et al., 2014). 

2.2 Fat extraction 

Dog lard was cutted into small pieces, melted at a temperature of  (90-100)°C for approximately one hour in the oven. 

The melted fat was filtered with flannel, anhydrous Na2SO4 was added and then centrifuged at 3000 rpm for 20 

minutes. The oil layer was decanted, filtered with Whatman paper which was placed on anhydrous Na2SO4 (Rohman et 

al., 2012). The solution was kept in the cupboard ice at -20 ° C in a rolling test tube. The solution was used for 

derivatization process. 

2.3 Derivatization 

The fatty acid derivatization aims to convert fatty acids into fatty acid methyl esters using 0.2 N NaOCH3 and BF3 

solution. The derivatization results containing fatty acid methyl ester (FAME) derivatives were taken and injected into a 

gas chromatograph system. A total 1μL supernatant was injected into a gas chromatography-mass spectrometry, 

replication was performed 3 times. 

2.4 Instrumentation System 

A total of 1 μL methyl ester was injected into the GC column using a machine autosampler. The separation was done in 

a column DB1-MS Restech, 30m x 0.25 mm ID, 0.25 μm, with a polymethyl xiloxan stationary phase, injector 

temperature 230oC, with the column temperature 70°C and raised up to 300oC with 10oC rise / minute, a flow rate of 

1.15 mL / min. Helium gas mobile phase. The MS detector that used is Electron Multifier Detector (EMD) 70 MeV. The 

results of the analysis was in the form of a mass spectrum compared with the library WILLEY147 & NIST47 that 

contained in GC-MS software.  

2.5 Data Analysis 

Data obtained from the GC-MS was in the form of fatty acids methyl esters. The content of fatty acid methyl esters of 

each lard were grouped by using chemometrics PCA with 16 Minitab. 

3. Result and Discussion 

3.1 Fat Extraction 

Extraction was carried out to obtain dog fat, extraction through a heating process using an oven with a temperature of 

90˚C with duration 2-2.5 hours. The advantage of this method is that the yield of the extract obtained a lot, easy and 

inexpensive (Rohman et al., 2012). 

The percentage of yield was calculated by comparing obtained dog fat extract with the dog fat weight, thus obtained 

14.667%. The results yield is affected by food intake of animals such as the dog itself, fat body parts were taken, and 

the extraction of fat (Lobb and Chow, 2007). The lipid fraction that obtained then carried out by the esterification 

process. The esterification reaction aims to transform into a fatty acid methyl ester form (Figure 1). The esterification 

process is carried out using BF3 as a catalyst. BF3 is an acidic compound (Purbasari and Silviana, 2008).  
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Figure 1. Kinetic transesterification in trigliserida (Silva et al., 2012) 

3.2 The Composition of Fatty Acids in Dogs 

Analysis of dog fatty acids was carried out by gas chromatography-mass spectrometry (GC-MS) method. This 

instrument is a combination of gas chromatography with mass spectrometer detector. Gas chromatography is used for 

the separation of fatty acids in the form of methyl esters. In addition to a retention time (tR) of the separation in gas 

chromatography, there is Similarity Index (SI) to determine the proximity of the chemical structure of the fatty acid 

types (Table 1). Results SI> 90 showed similarities with the abundance of ion mass spectra of the target / fat samples 

except oleic acid (89%).  

Table 1. The results of the separation and identification of compounds on dog fats with GCMS 

Number tR (min) % Area ±SD (n=3) SI BM Compound Name 

1 15.18 1.19±0.25 97 214 (C12:0) Methyl Lauric 
2 16.96 4.33±0.30 96 242 (C14:0) Methyl Miristate 
3 18.31 0.12±0.02 95 256 (C15:0) Methyl Pentadecanoate 
4 19.46 4.60±0.30 94 268 (C16:1) Methyl Palmitoleate 
5 19.79 12.80±2.90 92 270 (C16:0) Methyl Palmitate 
6 21.80 0.13±0.09 92 284 (C17:0) Methyl Margarat 
7 24.33 44.33±5.22 89 296 (C18:1) Methyl Oleate 
8 25.60 14.71±0.32 94 298 (C18:0) Methyl Stearate 
9 27.78 1.29±0.11 93 318 (C20:4) Arachidonic 

SI = Similarity Index; BM = Molecular Weight 

This result indicates that the type of fatty acids or similar targets was in accordance with the comparison spectra. Fatty 

acid compounds with a tR of 24.33 minutes and SI values of 89% are similar to comparative compounds with the 

formula C19H36O2 with m / z 296. Meanwhile, if in the form of fatty acid, a compound of formula is C18H33O2. CV 

values in (%) areas vary greatly. Fat is a component that is not stable in the presence of light. The results of the analysis 

with GC-MS showed that oleic acid was the highest constituent of fatty acids in dog fat (44.33%), followed by stearic 

acid (14.71%), palmitic acid (12.80%), palmitoleic acid (4.60%), myristic acid (4.33%), arachidonic acid (1.29%), 

lauric acid (1.19%), acid margarate (0.13%) and pentadecanoic acid (0.12%) (Figure 2). 

  

 

 

 

 

 

 

 

Figure 2. Histogram of a type of fatty acid in dog fat 
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Oleic acid is an unsaturated fatty acid with one double bond. When viewed from the bond of unsaturation, dog fat contains 

many types of saturated fatty acids namely lauric (C12: 0), myristate (C14: 0), palmitate (C16: 0), margarate (C17: 0), and 

stearic (C18: 0). While unsaturated fatty acids are palmitoleic acid (C16: 1), oleic acid (C18: 1), and arachidonic (C20: 4). 

If you see the percentage percentage of content, then there are more unsaturated fatty acids (50.22%) (Figure 3). Saturated 

fatty acids amount was 33.03% and 16.75% was the other content than methyl ester. The amount of unsaturated fatty acid 

content affect on the physical form of fat at room temperature and the stability of the fat.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Histogram of saturated fatty acids and not saturated in dog fat 

3.3 Comparison of Dog Fat, Boar, Beef Fat, Lard, Chicken Fat and Goat Fat 

In addition to dog fat, in this study also searched for fatty acids in the form of methyl esters for other animals, namely 

beef, lard, chicken, and goat fat. Fat collection was the same as for lard extract on the dog fat. The highest oleic acid 

from meat namely in order were dog fat (48.41%), chicken (45.60%), wild boar (45.24%), lard (39.53%), goat (21.82%), 

and beef (14.90%) (Table 2). Oleic acid and palmitoleic acid are included in the unsaturated fatty acids. The highest 

content of palmitoleic acid in chicken fat (6.88%), then dog fat (4.42%), wild boar fat (2.23%), lard (1.17%), goat fat 

(0.41 %), and beef fat (0.40%). 

Table 2. The results of the analysis of acid content in dog fat, wild boar, lard, chicken fat, beef fat, and goat fat with 

GCMS 

Methyl ester  Percentage (%) of methyl esters 

Dog Wild 

Boar 

Lard Chick Beef Goat 

Methyl laurate (C12:0) 1.19 0.68 1.49 0.29 0.88 0.43 

Methyl myristate (C14:0) 4.37 2.0 3.19 0.68 3.84 1.79 

Methyl pentadekanoate (C15:0) 0.12 nd nd nd 0.45 0.32 

Methyl Palmitoleic (C16:1) 4.42 2.23 1.17 6.88 0.40 0.41 

Methyl palmitate (C16:0) 13.00 19.65 21.01 28.98 25.70 18.00 

Methyl margarate (C17:0) 0.17 0.27 nd nd 0.43 0.29 

Methyl oleate (C18:1) 48.41 45.24 39.53 45.60 14.90 21.82 

Methyl stearate (C18:0) 14.71 14.37 10.03 5.20 35.03 36.68 

Methyl arachidonic (C20:4) 1.29 nd nd nd nd nd 

Methyl arachidate (C21:1) nd nd nd nd 0.17 0.48 

nd = not detected 

The highest content of saturated fatty acids were in beef fat (66.33%). The other amount of fatty acid are goat fat 

(57.22%), wild boar fat (39.39%), lard (35.71%), dog fat ( 33.03%), and chicken fat (35.15%) (Figure 4). The highest 

unsaturated fat content in wild boar fat (55.91%), chicken fat (54.30%), dog fat (50.22%), lard (35.72%), goat fat 

(22.69%), and beef fat (16.51%). 
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Figure 4. The amount of saturated fatty acids and unsaturated dog fat, lard, chicken fat, beef tallow and mutton fat 

3.4 Principal Component Analysis (PCA) Fat Boar and Other Animal Fats 

Principal Component Analysis (PCA) is a data interpretation performed by reducing data, in which the number of 

variables in a matrix is reduced to produce new variables while maintaining the information held by the data. The new 

variables produced are scores or major components (Rohman, 2012b). PCA aims to classify variables that are correlated 

with each other and replace them with a new group called the main component (principal component) (Coltro et al., 

2005). PCA simplifies data by reducing a number of variables to a smaller number of orthogonal variables. This needs 

to be correlated between variables. Although PCA reduces the number of initial variables, PCA retains initial variability 

and information. PCA also helps provide pattern visualization and correlation analysis (Miller and Miller, 2010).  

Dogs fat are close to lard (Figure 5). In physical chemistry, dog fat is similar to lard. Guntarti et al (2016) research using 

GC-MS chromatography lard has physical chemical properties close to chicken fat, and also wild boar fat. So if it can 

be taken an approach that dog fat chemistry physical properties are close to the physical and chemical properties of lard, 

chicken fat, and wild boar fat. 

 

 

 

 

 

 

 

 

 

Figure 5. Score of the PCA plot of dog fat, chicken fat, lard, wild boar fat, goat fat and beef fat by using fatty acids as 

variables 

4. Conclusion 

Based on research results indicate that the fatty acids in dogs by using GC-MS produces 9 types of fatty acids are: lauric 

(1.19±0.25)%, myristic (4.33±0.30)%, pentadekanoat (0.12±0.02), palmitoleate (4.60±0.074)%, palmitate (12.80 ± 

2.90)%, margarate (0.13 ± 0.09)%, oleate (44.33 ± 5.22) %, stearic (14.71 ± 0.32)%, and arachidonic (1.29±0.11)%. The 

total content of unsaturated fatty acids in dogs were 50.22% and saturated fatty acids were 33.03%. With Chemometrics 

Principles Component Analysis (PCA) dog fat, wild boar fat, chicken fat, lard, beef fat, and goat fat were grouped. 
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