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 Abstract: Meat produced from non-halal slaughter is forbidden for Moslems. The 
slaughter methods contribute to the physiological response of animals expressed as 
different proteome profile. Proteome of two meat obtained from the halal and non-halal 
slaughter of Wistar rats (Rattus norvegicus) as an animal model was used to search for 
protein markers related to the slaughter method. The analysis employed Sodium Dodecyl 
Sulhate Polyacrylamide Gel Electrophoresis (SDS-PAGE), and High-Resolution Mass 
Spectrometer (HRMS) assisted with Label-Free Quantification (LFQ) Proteome Discoverer 
software. The non-halal slaughter contributed to the changes in protein expression in 
animal meat where thirteen proteins were up-regulated and three proteins were specifically 
identified in the non-halal slaughter, these three proteins are NSFL1 cofactor p47, 
transketolase, and Von Willebrand. There are three stable peptides identified of those 
three proteins including SYQDPSNAQFLESIR (m/z = 1755, z = +1) part of NSFL1 cofactor 
p47, LGQSDPAPLQHQVDVYQK (m/z = 2023, z = +1) part of transketolase, and 
VPLLCTNGSVVHHEVINAMQCR (m/z = 2550, z = +1) part of Von Willebrand. Two 
of peptides can be targeted as markers in MRM mode LC-MS/MS routine analysis to 
authentication-halal slaughtering meat. The proposed MRM pair ions are 1755 to 1376, 
1262, 1164, and 963, 2033 to 1355, 1016, and 762. 

Keywords: non-halal slaughter; stress response; biomarker; mass spectrometry; label-
free proteomics 

 
■ INTRODUCTION 

The large Muslim population and the increasing 
need for meat lead the determining of halal properties of 
meat is very important. To date, halal analysis that has 
been studied is related to the counterfeiting of non-halal 
products. Adulteration of meat and meat products with 
non-halal components, such as pork meat, has been 
extensively studied, and several methods have been 
developed to detect such adulteration [1-3]. Furthermore, 
the halal status of the meat is not only determined based 
on the animal used but also on the producing process of 
the meat, including the slaughter process. To become 

halal meat, the meat must be obtained from the animal 
that is slaughtered according to the halal method. 
Therefore, the development of methods to determine 
whether the meat is halal or non-halal based on the 
slaughtering methods have become crucial. 

In general, slaughter of an animal is performed by 
using stunning techniques before cutting the jugular 
vein and carotid artery on the neck near the head. 
Otherwise, halal slaughter is performed by severing the 
animal neck using a sharp knife and acting in the name 
of God. Islam does not allow any deliberate torture to 
injure the animal before or after slaughter. Halal 
slaughter requires gentle handling of the animal before 
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and during the slaughter process. Therefore, halal 
slaughter should omit the stunning process. Good 
handling of animals during pre-slaughter and slaughter 
contributes significantly to the good meat quality as a 
product. Harsh treatment in handling animals before 
slaughter causes stress and produces low meat quality [4]. 
An effective slaughter will cause 40–60% of blood volume 
lost from animal bodies [5]. One of the factors that affect 
meat quality, contamination, and deterioration is the 
amount of blood retained in the animal body [6]. Blood is 
an excellent medium for the growth of bacteria. Blood 
components, especially hemoglobin, promote the lipid 
oxidation and decrease the shelf-life of meat and fish 
products [7]. Long transit time before slaughter also 
influenced the stress response and protein expression of 
animals [8]. According to Huang et al., the difference in 
treatment in the slaughtering process caused a stress 
response related to the expression level of certain genes of 
the animal [9]. 

In line with the halal authentication efforts, several 
studies have been conducted to compare the meat 
characteristics of meat due to the different pre-slaughter 
methods, mainly between the stunning and the non-
stunning methods [10-12]. The difference in meat quality 
of lamb meat was found between those methods [13]. The 
stunning treatment could affect the stress response of 
animals [14], through changing gene expressions leading 
to different proteome patterns of the meat compared to 
the untreated one [9]. A study using 2D-electrophoresis-
MALDI TOF showed different proteins of chicken meat 
resulting from the electrical current pre-treatment 
slaughter compared to the non-stunning chicken meat 
protein [15]. The protein of Voltage-Dependent Anion 
Channel 2 (VDAC2) was identified as a protein marker of 
the chicken meat treated using electrical stunning before 
slaughter. Further study reported other biomarker 
proteins related to the same treatment, which were 
troponin I and actin, both known as alpha cardiac muscle 
[16]. The same technique successfully identified a different 
pattern of the proteome of sheep meat due to the electrical 
stunning before slaughter [17]. In the comparison of 
chicken treated with gas stunning against non-stunning, 
a proteome analysis using 2D electrophoresis-MALDI 

TOF revealed an increased expression of β-enolase, 
pyruvate kinase, and creatine kinase from the chicken 
meat treated by gas stunning [18]. 

Most of the reported techniques to distinguish the 
meat resulted from stunning and non-stunning 
slaughter used the laborious 2-D electrophoresis 
coupled with MALDI-TOF mass spectrometry. More 
sophisticated liquid chromatography coupled with high-
resolution mass spectrometry (LC-HRMS) instruments 
has been successfully used in proteomic studies due to 
their simplicity [19]. This method is interesting to use to 
replace the 2D-electrophoresis MALDI-TOF system in 
the identification of protein markers in meat related to 
the slaughter process. On the other hand, most studies 
on searching protein markers to differentiate meat 
resulting from halal and non-halal slaughter used 
poultry as the sample, which was not representative of 
all meat-producing animals. Mammals, such as cattle, 
could have different metabolism systems to the poultry 
leading to different protein markers. This study aimed to 
identify proteins marker of meat resulting from non-
halal slaughter using LC-HRMS, with a rat (Rattus 
norvegicus) used as a mammal model. The protein 
markers are concluded not only to the protein that was 
specifically expressed related to the non-halal slaughter 
but also to that which was up-regulated due to the 
process. 

■ EXPERIMENTAL SECTION 

Materials 

The male, three months old Wistar rat (Rattus 
norvegicus) with an average weight of 200 g was used as 
the subject of the research. The sequencing grade 
modified trypsin (Promega) together with ammonium 
bicarbonate (Merck, Germany), dithiothreitol 
(Promega, USA), and iodoacetamide (Merck, Germany) 
were used to digest the protein. Sodium dodecyl 
sulfonate (SDS) (Merck), acrylamide, bisacrylamide, 
and ammonium persulfate (APS) (Sigma, USA), 
Precision Plus Protein Dual Color protein (BioRad, 
USA), were used during the SDS-PAGE profiling. The 
LC-HRMS analysis used MS-grade acetonitrile (Merck, 
Germany) and double distilled water as mobile phase. 



Indones. J. Chem., 2022, 22 (3), 867 - 877    

 

Alvina Nur Aini et al.   
 

869 

Instrumentation 

The instrumentations used in this study were the 
Ultimate 3000 Rapid Separation Ultra-High-Performance 
Liquid Chromatography connected to the Q-Exactive 
Orbitrap Mass Spectrometer (LC-HRMS) (Thermo 
Scientific, USA) and SDS- electrophoresis PAGE Mini 
Protean® II Cell (Bio-Rad), shaker incubator (Thermo 
Scientific, USA), refrigerated centrifuge (High-Speed 
Sigma Sartorius 3-30K, Sigma, USA) electric scale 
(Denver AA-250), vortex (MX-S IKA), and shaker mixer 
(RATEK Instrument). The softwares used in this study 
included Xcalibur and Proteome Discoverer 2.2 (Thermo 
Scientific, USA), ImageJ 1.52a, and STRING v11 [20-21]. 

Procedure 

Animal slaughter 
The protocol was approved by the Ethical 

Committee of Integrated Research and Testing 
Laboratory of Universitas Gadjah Mada, Yogyakarta 
(Ethical Clearance No. 00058/04/LPPT/2018 dated 6th 
June 2018). Six rats (Rattus norvegicus) were divided into 
two treatment groups. The first group of 3 was 
slaughtered according to the halal slaughtering guideline, 
which basically, the animal should not be dead prior to 
slaughtering. The slaughtering was performed by cutting 
the jugular vein, artery carotid, trachea, and esophagus 
using a sharp knife. While the second group of 3 was 
slaughtered through the cervical dislocation without 
anesthesia, as the non-halal method. After being 
slaughtered, meat was pooled and chilled at -80 °C until 
the extraction of protein. 

Protein extraction 
Protein was extracted from 0.5 g of meat from each 

rat using 2.5 mL of 0.05 M Tris HCl buffer (pH 7–8). The 
meat was homogenized with the buffer at room 
temperature using a vortex. The suspension was then 
centrifuged using a refrigerated centrifuge at 10,000 rpm 
for 20 min. The protein concentration of the supernatant 
was estimated using Lowry’s protocol. The protein 
supernatant was stored at -80 °C until the digestion. 

SDS-PAGE profiling 
Protein supernatant was mixed with loading buffer 

and heated at 95 °C for 5 min. As much as 25 μg protein 

for each sample was loaded into the gel. Protein was 
separated on 10% separating gel at a constant voltage of 
125 V, 70 mA for 90 min. After the electrophoresis, the 
gel was stained using 10% of acetic acid, 45% of 
methanol, and 0.3% of Coomassie blue (v/v), followed 
by destaining using 10% of acetic acid and 20% of 
methanol. The interpretation of each protein band was 
carried out using ImageJ 1.52a [20]. 

Protein tryptic digestion 
Two hundred μL of protein supernatant was 

transferred into a microcentrifuge tube and precipitated 
with 1,000 μL of ice-cold acetone at -20 °C for 24 h. The 
protein pellet was separated through centrifugation at 
10,000 rpm for 20 min. The protein pellet was then 
dissolved in 0.05 M of ammonium bicarbonate. The 
protein solution was reduced and alkylated with 2 mM 
of dithiothreitol and 5 mM of iodoacetamide, 
respectively. As much as 2 μg of sequencing grade 
modified trypsin was added to the sample, and the 
enzymatic reaction lasted at 37 °C for 24 h. The digestion 
was stopped by adding 100% of formic acid to pH < 3. 
The digested protein was diluted with ultrapure distilled 
water: acetonitrile (95:5) and filtered through a nylon 
syringe filter before LC-HRMS analysis [22]. 

Liquid chromatography-high resolution mass 
spectrometry (LC-HRMS) analysis 

Peptides obtained from the trypsin digestion, were 
separated using LC-HRMS equipped with a C18 trap 
column. As much as 5 μL of protein hydrolysate was 
eluted from the trap column and separated using 
Acclaim PepMap RSLC C18 column (75 μm × 150 mm, 
Thermo Fisher Scientific). A gradient system was 
adapted to separate the peptides. Mobile phase A 
consisted of water, and mobile phase B consisted of 
water containing 0.1% of formic acid and acetonitrile 
containing 0.08% of formic acid, with a ratio of 1:4. The 
initial gradient was 96% A and 4% B from 0 to 3 min. 
The portion of solvent B was increased linearly to reach 
95% at 50 min and maintained at the same ratio until the 
end of analysis at 90 min. The flow rate was fixed at  
0.3 μL/min. The Q Exactive Orbitrap Mass Spectrometer 
equipped with nano spray ionization was employed to 
detect the peptides operated under positive ion mode. 
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The MS parameters were set to analyze the m/z range of 
200–2000, using full-MS/dd-MS2 mode. The resolving 
power of MS1 and MS2 were set at 140,000 and 17,500 
(FWHM), respectively. 

Protein identification and data analysis 
The software Proteome Discoverer (PD) 2.2 was 

used to identify the protein based on the Uniprot database 
of Rattus norvegicus. The label-free quantification (LFQ) 
quantification workflow was performed through MS/MS 
signal intensity of identified protein. Calculation of the 
statistical significance was carried out using Student’s t-
test at level of p-value < 0.05. The differentially changed 
proteins were identified by performing a Quan-ratio 
distribution analysis between non-halal and halal 
slaughter identified proteins. For protein pathways, 
identification over the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) was selected [23]. 

■ RESULTS AND DISCUSSION 

Protein SDS-PAGE Profile 

Protein profiling using the SDS-PAGE technique 
was carried out as the initial checking whether any clear 
differences in protein expression were caused by the 
different slaughter methods. Since the protein was isolated 
from meat, it was assumed that most of the protein 
belonged to the muscle proteins. According to Fig. 1, most 
of the protein observed in both group samples have sizes 
ranging from 17 to 115 kDa. Doherty et al., and the protein 
database The Uniprot Consortium have published the 
number of muscle proteins and their size [24-25]. The thick 
band with the size of approximately 17 kDa was identified 
most probably as myoglobulin, while the tiny band above 
100 kDa was calculated to have 116.2 kDa size and 
presumably identified as 2-oxoglutarate dehydrogenase. 
Further identification using ImageJ 1.52a produced some 
protein bands with the size of approximately 55, 49, 46, 
41, and 26 kDa. There is plenty of possible proteins within 
those ranges of sizes. However, some possible proteins 
involved in the metabolism process of animal cells are 
enolase, creatine kinase, pyruvate kinase, phosphorylase, 
and myoglobin which are the main sarcoplasmic proteins. 
Meanwhile, the possible proteins contained in the skeletal 
muscle  are  sarcoplasmic,  myofibrillar,  myosin  binding,  

 
Fig 1. SDS-PAGE profile of the rat's muscle proteins for 
halal and non-halal slaughter. Each sample gave seven 
protein bands. M: protein marker; H1: halal method 1; 
H2: halal method 2; H3: halal method 3; N1: non-halal 
method 1; N2: non-halal method 2; N3: non-halal 
method 3 

actin, and stromal proteins [26]. Some other possible 
proteins are dihydrolipoyl dehydrogenase, myosin-
binding, calreticulin, and aspartate aminotransferase 
[24-25]. 

Comparison of the SDS-PAGE profile between 
proteins originating from halal and non-halal slaughter 
was proven to be difficult. The band with the size of  
26 kDa shows a slight thicker for the non-halal slaughter 
protein. The lack of SDS-PAGE imaging comparison, 
such as an image analyzer for 2-D gel, hindered further 
investigation. At least, the SDS-PAGE data confirmed 
the success of protein isolation. Not only the main 
muscle proteins were successfully extracted, but also 
other proteins can be observed and interested to be 
further analyzed using mass spectrometry. 

Up-Regulated Protein Abundance Due to Non-
halal Slaughtering 

A total of 253 proteins were identified from the LC-
HRMS analysis from all samples, in which the 
abundance of several proteins was significantly different 
either in non-halal or halal slaughter. A Quan-ratio 
distribution was performed to determine the abundance 
ratio of the two slaughter groups. This comparison was 
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obtained through a ratio of non-halal/halal. Furthermore, 
the abundance of 13 proteins of non-halal slaughter was 
higher than the halal slaughter, as given in Table 1. 

Most proteins (21.69% of the whole proteins) were 
associated with the metabolic process, while 29.97% of 
proteins acted as the protein binding. According to the 
KEGG database, some of these proteins were involved in the 
process of glucose metabolism in cells, such as β-enolase, 
dihydrolipoyl dehydrogenase, phosphoglucomutase 1, 
and malate dehydrogenase that present in glycolysis and 
gluconeogenesis process. Aspartate aminotransferase 
acted in the amino acid metabolism. Myc box-dependent-
interacting protein, myosin-binding for fast-type C 
protein, tropomyosin alpha-1 chain, troponin I, and 
filamin were the proteins related to the structure and 
activity of muscle tissue. Calreticulin drove the calcium 
regulation in cells, while the superoxide dismutase and 
stress-70 protein used in the oxidative stress and stress 
response. 

According to Astuti et al., the stress in the animal 
can lead to an increase in glycogen breakdown in muscle. 
Furthermore, glycogen would be converted into glucose 
to produce ATP as energy-saving [27-28]. Salwani et al. 
reported that stress could be in the form of high energy 
requirements [18]. The reduction of oxygen supply to the 
body during exsanguination increased the rate of 
glycolysis to produce ATP. This would cause some 

enzymes associated with the glycolysis process to be 
highly expressed. In non-halal slaughter, the stress 
response was thought to be greater because animals 
experienced greater physiological discomfort. In this 
study, cervical dislocation caused brain and spinal injury 
before death. The process of cervical dislocation 
provided two traumatic effects, not only the hematoma, 
brain damage, spinal fractures, and spinal cord 
disorders, but also severe lacerations (rips injuries) in 
the medulla oblongata [29]. 

In this study, some of the proteins that were 
significantly changed included glycolysis proteins, such 
as β-enolase, dihydrolipoyl dehydrogenase, 
phosphoglucomutase 1, and malate dehydrogenase. 
Referring to Nakyinsige et al., aspartate 
aminotransferase was also found to be higher in the non-
halal group [30]. This indicated that the stress response 
of non-halal slaughter increased the glucose and energy 
metabolism of an animal so that several proteins 
associated with the glycolysis were higher expressed. The 
high energy required for animal muscle activity was 
obtained from the metabolism of glucose (from 
glycogen) in the muscle [31]. It was also supposed that 
some proteins related to the muscle tissue activity 
increased, such as myc box-dependent-interacting 1, 
myosin-binding protein C fast-type, tropomyosin alpha-
1 chain, troponin I, and filamin-C. Calcium regulation in 

Table 1. Proteins abundance and the ratio of non-halal to halal slaughter 

Protein 
Abundance (a.u.) Ratio 

(non-halal/halal) p-value 
Non-halal Halal 

Mitochondrial aspartate aminotransferase (Got2) 
Beta-enolase (Eno3) 
Calreticulin (Calr) 
Dihydrolipoyl dehydrogenase (Dld) 
Filamin-C (Flnc) 
Phosphoglucomutase 1 (Pgm1) 
Mitochondrial malate dehydrogenase (Mdh2) 
Myc box-dependent-interacting 1 (Bin1) 
Myosin binding protein C, fast-type (Mybpc2) 
Stress-70 protein (Hspa9) 
Superoxide dismutase [Cu-Zn] (Sod1) 
Tropomyosin alpha-1 chain (Tpm1) 
Troponin I (Tnni2) 

163.6 
118.9 
116.6 
155.9 
162.1 
123.4 
165.6 
133.9 
149.1 
174.3 
152.5 
122.5 
188.8 

36.4 
81.1 
83.4 
44.1 
37.9 
34.4 
76.6 
66.1 
50.9 
25.7 
47.5 
77.5 
11.2 

4.495 
1.467 
1.398 
3.535 
4.277 
1.611 
4.814 
2.026 
4.865 
6.782 
3.210 
1.580 
16.86 

0.00023 
0.03162 
0.03450 
0.02769 
0.00127 
0.00015 
0.01434 
0.04250 
0.00294 
0.03666 
0.01466 
0.00154 
0.01736 
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the body was useful to maintain homeostasis. Loss of 
energy causes the loss of cellular homeostasis and 
damages Ca2+ signaling, which directed the endoplasmic 
reticulum stress response activity [32]. This is supposed to 
increase the expression of calreticulin protein. 
Furthermore, the proteins that were up-regulated in the 
non-halal slaughter could be proposed as the candidates 
for markers for non-halal animal slaughtering. 

Specifically Expressed Proteins Caused by Non-
halal Slaughtering 

Although the up-regulated protein related to the 
non-halal slaughter has been identified, it cannot easily be 
used as a marker since it must employ the comparison 
study of each analysis. A protein marker specifically 
expressed only in non-halal slaughter was the best 
candidate for the marker. There were three proteins, 
NSFL1 cofactor p47 (Nsfl1c), transketolase (Tkt), and 
Von Willebrand factor (Vwf), consistently present only in 
the non-halal samples. Transketolase proteins were 
involved in the regulatory process, cell organization, 
biogenesis, and metabolism. Meanwhile, the Von 
Willebrand factor was a protein involved in the response 
to stimulus. This protein worked in the blood coagulation 
process caused by wounds or injuries on the blood vessels 
[33]. The process of cervical dislocation could be thought 
to stimulate the excretion of the Von Willebrand factor 
due to the occurrence of injuries in an animal body. The 
process of cervical dislocation-initiated hematoma, 
whereas the halal slaughter process created a large 
incision on the neck’s blood vessels that caused the blood 
to quickly run out of the body [29]. Therefore, the blood 
clotting process might not occur. In contrast to cervical 
dislocation, wounds arise on the blood vessels of an 
animal body so that the blood clotting could occur as a 
response to stopping internal bleeding. Therefore, these 
proteins were proposed to be the potential candidates for 
markers for non-halal animal slaughtering. 

Interactions of the up-regulated and specifically 
expressed proteins were analyzed using STRING v11. Fig. 
2. shows the protein-protein interaction from 16 proteins. 
The network indicates 16 nodes and 55 edges with an 
average node degree of 6.88 and an average local clustering  

 
Fig 2. Protein-protein interaction from the up-regulated 
and specifically expressed protein in non-halal 
slaughter. The thickness of the line represents the 
confidence of the protein interaction 

coefficient of 0.79. Proteins can interact and associate 
physically or functionally. From this result, it might be 
concluded that the identified proteins were related to 
each other. One protein expression would stimulate the 
expression of other proteins. Further studies were 
required to better understand the relationship between 
proteins and the slaughter process. 

Peptide Target for Protein Marker Analysis of 
Non-halal Slaughtering 

The common method to detect protein markers, in 
this case, the specific proteins present in non-halal 
slaughtering meat samples, is by detecting the specific 
peptide of the protein. Proteome discoverer analysis of 
HRMS data revealed several peptides specific to the 
proteins NSFL1 cofactor p47, transketolase, and Von 
Willebrand factor. The sequence of the peptides was 
confirmed by analysis of MS/MS data using the 
Proteome discoverer. Fig. 3(a) shows the MS/MS spectra 
of the NSFL1 cofactor p47 peptide obtained from the 
fragmentation of a peptide with the molecular mass 
(MH+) = 1754.83213. However, the most stable ion of 
the peptide was detected as an ion with m/z = 877.92064 
(z = +2). Fig. 3(b) confirmed the match of the fragment 
mass and the difference mass between the fragments to the 
mass database to possibly construct the peptide sequence.  
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Fig 3. The Mass spectra of peptide-specific to NSFL1 cofactor p47 protein. (a) The raw MS/MS fragmentation of the 
peptide. (b) Proteome discoverer identification of the fragment b+ and y+ from raw MS/MS leading to a sequence of 
the peptide 
 
The dominant ions were y+ ions. To be mentioned, a few 
of the fragmentation analyses were the difference between 
the y12

+ fragment (1376.67981) and the y11
+ (1261.65601) 

was confirmed as amino acid D (115.03), the difference 
between y11

+ with y10
+ (1164.59985) was confirmed as P 

(97.05). By using the same calculation, DPSNAQFLESI 
was obtained. After comparing the sequence to the whole 
sequence of NSFL1 cofactor p47 protein and possible 
trypsin digestion product of the protein, it was concluded 
that the peptide sequence is SYQDPSNAQFLESIR. 

Fig. 4(a) shows the MS/MS spectra of the 
transketolase protein-peptide as the result of peptide 
fragmentation with molecular mass (MH+) of 2023.02262, 
which present as molecular ion with m/z of 675.01275 (z 

= +3). Interpretation of Fig. 4(b) using Proteome 
discoverer revealed several match ions with possible ion 
fragment peptides that were part of transketolase protein. 
Analysis of the difference among several detected y+ 
fragments led to a sequence of the peptides. The 
difference between the y8

+ ion (1016.52655) to the y6
+ ion 

(751.39722) was equal to the mass of QH, then the 
difference of the y6

+ to the y5
+ ion (652.32953) led to V, 

followed by the mass difference of the y5
+ ion to the y4

+ 
ion (537.30408) was equal to the mass of D. Furthermore, 
the different of the y4

+ ion to the y3
+ ion (438.23602) could 

be read as V, while the difference between the y3
+ ion to the 

y2
+-NH3 (258.14426) was equal to Y, and the y2

+-NH3 to 
the y1

+ (147.11281) was equal to Q. The analysis of the y+  
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Fig 4. The Mass spectra of peptides specific to transketolase protein (a) The raw MS/MS fragmentation of the peptide 
(b) Proteome discoverer identification of the fragment b+ and y+ from raw MS/MS leading to a sequence of the peptide 
 
ions fragment mass concluded the sequence 
QHQVDVYQK as part of the peptide sequence. The same 
approach to analyze the b+ ions including b5

+ (501.22931), 
b4

+-H2O (368.19409) b3
+ (299.17123), and b2

+ (171.11282) 
concluded the sequence QSD as part of the peptide. Based 
on this information and the protein database, the 
proteome discoverer confirmed the sequence of the 
peptide is LGQSDPAPLQHQVDVYQK. 

The sequence of the specific peptide of Von 
Willebrand factor was revealed mainly based on the 
protein database and the high-resolution MS of the 
molecular ion of peptide, with MH+ of 2550.23739 and 
m/z of 510.85397 (z = +5). Only a few of the fragmentation 
of MS2 was identified as the b3

+ ion (195.11179) and the 
y1

+ 175.11818. The proteome discoverer concluded the 
sequence as VPLLCTNGSVVHHEVINAMQCR. 

These three peptides  were suggested  to be used as a  

target for routine analysis. The targeted analysis usually 
employed standard LC-MS/MS using an MRM 
(Multiple Reaction Monitoring) which was known as the 
best mode to perform both qualitative and quantitative 
analysis using LC-MS/MS. This approach required 
information regarding the mass of the selected peptide 
as the precursor peptide ion targets and the production 
of the MS2 fragmentation [34]. Based on the MS spectra 
in Fig. 3(b) and 4(b), several MRM pairs were proposed 
to identify each protein that was specifically expressed in 
the non-halal slaughter process. Those pairs of MRMs 
are presented in Table 2 selected based on certain 
criteria. According to You et al., the precursor ion must 
be the predominant specific peptide with a size of 
approximately 600–2000 [35]. Among the three protein-
specific peptides, only the first two peptides met those 
criteria  (peptide number one and two).  Meanwhile, the  
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Table 2. The proposed MRM pairs to detect specifically expressed protein related to non-halal slaughter using LC-MS/MS 

No Specific peptides  
MRM pair 

Precursor ion mass Fragment ion mass 

1 SYQDPSNAQFLESIR 1755 

1376 
1262 
1164 
963 

2 LGQSDPAPLQHQVDVYQK 2023 
1355 
1016 
762 

 
production ions should be the predominant single 
charged ions generated from the fragmentation, which 
were preferable for the ions with m/z higher than m/z of 
the precursor ion. The first peptide had m/z = 877.92064 
(z = 2), meaning that the production higher than 877, 
which were 1376, 1262, 1164, and 963 will be the good 
options. The production of 892 was also shown 
predominant signal, but both were selected because they 
had an m/z value close to the precursor ion. The second 
peptide had m/z of 675.01275 (z = 3), making the 
production of 1355, 1016, and 762 met the criteria as 
MRM productions. 

■ CONCLUSION 
The study demonstrated that the different slaughter 

methods altered the proteome expression of animal meat. 
Thirteen proteins were identified to be up-regulated on 
non-halal slaughter. Proteome analysis also revealed that 
three proteins were specifically expressed on non-halal 
slaughter, which were NSFL1 cofactor p47, transketolase, 
and Von Willebrand factor, and proposed as the biomarker 
protein related to non-halal slaughter. The up-regulated 
and the specifically expressed proteins suggested that 
non-halal slaughter could contribute to stress response in 
the animal. The two stable peptides of 
SYQDPSNAQFLESIR (m/z = 1755, z = +1) part of NSFL 
cofactor p47, and LGQSDPAPLQHQVDVYQK (m/z = 
2023, z = +1) part of transketolase can be targeted as 
markers in MRM mode LC-MS/MS routine analysis to 
distinguish non-halal slaughtering meat from halal 
slaughtering originated meat. The proposed MRM pair 
ions were 1755 to 1376, 1262, 1164, 963, and 2033 to 1355, 
1016, 762. 
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