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Keberadaan komponen non halal pada makanan dan
bahan obat?

• Motivasi ekonomi: RpRpRp
• Penggantian atau penambahan daging dengan daging lain dalam rangka

menurunkan biaya produksi dan mendapatkan untuk lebih banyak

• Harga daging babi << daging sapi

• Ketidakcukupan suplai bahan yang halal
• Gelatin yang dari material halal ???

• Apa konsekwensinya?
• Terjadi pelanggaran hukun (pemalsuan) 

• Keselamatan dan keamanan konsumen (alergi dll)

• Masalah etika, budaya dan agama



Metode analisis halal 

• Two-dimensional polyacrylamide gel electrophoresis and western-
blot analysis

• PCR dan Real-Time PCR 

• Enzyme-linked immunosorbent assay (ELISA)

Beberapa kekurangan
• Sebagian besar kualitatif

• Tidak selalau bisa digunakan (PCR untuk gelatin?)

• Data tidak dapat dapat diekplorasi lagi untuk data mining



Bottom-up proteomics sebagai dasar pengembangan
analisis berbasis MS

• Semua makhluk hidup mempunyai hubungan
kekerabatan secara genetic

• Filogeni menunjukkan diversitas dan hubungan
kekerabatan.

• Filogeni dibuat dengan menggunakan urutan
DNA.

• Hubungan antara gen dengan spesies
(variabilitas) menjadi sentral dalam analisis halal



Evolusi molekuler dari DNA ke protein

-GGAGCCATATTAGATAGA-

-GGAGCAATTTTTGATAGA-

Gly Ala Ile  Leu asp Arg

Gly Ala Ile Phe asp Arg

• 3 perbedaan nukeotida DNA pada
tiga kodon hanya menyebabkan
perbedaan satu asam amino

• 2 penggantian nucleotida
dikatakan sinonim dan satu
penggantian lain disebut non-
sinonim

Terdapat lebih satu kodon untuk
setiap asam amino. 

Menemukan urutan protein spesifik
spesies menjadi semakin kompleks
disbanding urutan DNA, tetapi lebih

menjanjikan untuk pembeda



Bagaimana bottom-up proteomics digunakan untuk
identifikasi asal species suatu bahan?

Phase 1
Proteome mapping

Targeted
products

Protein Extraction

Proteolysis

Peptide enrichment

MS and MS/MS

Protein / peptide 
identification

Genome annotation

Bottom

Up !



Trypsin

In silico

Precursor masses
Peptide mass fingerprinting

Eksperimen



Define Set of 
Proteins

Select Peptides

Select precursor and 
product ions

Validate precursor 
and product ions

Protein Detection and 
Quantitation

5’ 3’

3’ 5’
DNA

mRNA

Protein

Proteotypic peptides

MS/MS spectra

Fractionation

Digestion

LC-MS

Homogenization/

MS

Shotgun proteomics Targeted MS

1. Records m/z

2. Selects peptides based on 
abundance and fragments

MS/MS

3. Protein database search for 
peptide identification

Data Dependent Acquisition (DDA)
Data Independent Acquisition (IDA)

Uses predefined set of peptides 
for routine typing analyses

1. Select precursor ion 

MS

2. Specific Precursor fragmentation

MS/MS

3. Use Precursor-Fragment pairs 
for identification 
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Generate proteotypic
species specific mass lists

Precursor ions

Generate MS/MS product 
ion species specific mass 
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Precursor ions
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Analysis

Peptide biomarkers 

based speciation

Experimental

Experimental



Preparasi sampel pada Bottom-up proteomics
1. Sampel (daging) dicampur air (1:5) is homogenisasi, sonikasi

2. Protein dalam suspensi diendapkan dengan aseton (1:1)

3. Aseton dipisahkan menghasilkan pellet protein

4. Pelet protein dilarutkan dalam ammonium bicarbonate (pH 8.5).

5. Denaturasi protein pada 120˚C

6. Reduksi protein dengan Dithiothreitol (DTT) dan alkilasi dengan Iodoacetamide IAA

7. Gidesti dengan trypsin pada 40 C selama 24jam.    Trypsin memotong ujung C: Lys (K) & Arg (R)

+

H2O

I. II. III. IV.



Survey MS Scan

Select ions 
of interest

(mass range)

Acquired MS/MS 
spectra

LC-MS
QqQ

LIT or QIT
Hybrid Q-Orbitrap

Thermo Scientific™  UltiMate ™ 3000 LC system and  
Thermo Scientific™ TSQ Quantiva MS

UltiMate 3000 LC system and  Thermo Scientific™ 
Q Exactive™ Hybrid Quadrupole-Orbitrap MS 



Otentifikasi daging dengan mass spectrometry

• Bargen et al. (2013), Journal of Agricultural and Food Chemistry, 
61:11986-11994

Peptide biomarkers

?



Pendekatan Peptide Fingerprinting

0 5 10 15 20 25 30 35 40 45

Time (min)

Porcine TIC
Sus scrofa 

Generate a  mass list (MS and MS/MS data)

Database search (MASCOT)

MS and MS/MS matching

Peptide fingerprinting

7 429 common 
unique peptides 

identified

Beef Horse

LambPork

17 specific peptides

9 specific peptides14 specific peptides

23 specific peptides

Using a relatively high 
abundance threshold …



Several peaks used were not adequately identified

PMF

Bargen et al. (2013), Journal of Agricultural and Food Chemistry, 61:11986-11994



Kelemahan PMF
• Tergantung pada data MS dan MS/MS
• Tergantung setting parameter dalam bioinformatik
• Memerlukan ekspert proteomic dan bioinformatik

Sulit diaplikasikan untuk analisis rutin

Apakah ada alternatif lain?



Genome

Transcriptome

Proteome

Common 
protein 

sequences

Beef Horse

Pork Lamb

mRNA

Protein

Tryptic
Peptides

Species specific peptide 
mass database
Precursor ions

Species specific product 
ions database

Survey MS Scan

Select ions 

of interest

Acquired MS/MS spectra

Generation of post-analysis XICs for 

selected proteotyping peptides

Peptide biomarkers 

based speciation



Targeted bioinformatics analysis
Daging: Myoglobin

Extraction of gene 
information

In silico sequence 
alignment

In silico protein 
translation and alignment

Sequence analysis and In 
silico tryptic digestion

Generate proteotypic
mass lists

Proteotypic peptides can be identified
(120-134)

YLEFISDA IIHVLHAKHP SDFGADAQAA MSKALELFR
YLEFISDA IIHVLHSKHP GDFGADAQGA MTKALELFR
YLEFISEA IIQVLQSKHP GDFGADAQGA MSKALELFR
YLEFISDA IIHVLHAKHP SDFGADAQGA MSKALELFR

120 134

Beef
Horse
Pork
Lamb

Myoglobin adalah protein pembawa oksigen di jaringan otot
Keberadaannya melimpah di otot/daging vertebrata termasuk mamalia



18VEADVAGHGQEVLIRLFK35

36GHPETLEK43

52SEDEMKASEDLK63

81GHHEAELTPLAQSHATK97

104YLEFISEAIIQVLQSK119

Specific pork myoglobin tryptic peptides

Specific MS and 
MS/MS data



Contoh protein lain

Myosin-1 (MYH1)

Myosin-2 (MYH2)



β Hemoglobin (Hbb)



Myoglobin (MB)

MB 120-134

Species Tryptic Peptide sequence (biomarker) Theoritical mass (z=2)

Pork HPGDFGADAQGAMSK 744.8304

Horse HPGDFGADAQGAMTK 751.8383

Beef HPSDFGADAQAAMSK 766.8435

Lamb HPSDFGADAQGAMSK 759.8357

Chicken HAADFGADSQAAMKK
HAADFGADSQAAMK

774.3672
710.3197



Myosin-1 (MYH1)

MYH1 619-638

Species Tryptic Peptide sequence (biomarker) Theoritical mass (z=2)

Pork TLAFLFTGAAGADAEAGGGK 912.9600

Horse TLALLFSGPASADAEAGGK 888.4623

Beef TLALLFSGPASGEAEGGPK 901.4702

Lamb TLAFLFSGAASAEAEGGGAK 927.9652

Chicken TLALLFASAGGEPEASGGGGK 945.4838



Myosin-2 (MYH2)

MYH2 619-638

Species Tryptic Peptide sequence (biomarker) Theoritical mass (z=2)

Pork TLAFLFSGAQTGEAEAGGTK 978.4891

Horse TLALLFSGAQTADAEAGGVK 960.5073

Beef TLAFLFSGTPTGDSEASGGTK 1022.4971

Lamb TLALLFSGTPTAESEGSGTK 984.0020

Chicken TLALLFANYGGAEAEASGGGGGGK 1084.5346



β-Hemoglobin 

βHG 42-60

Species Tryptic Peptide sequence (biomarker) Theoritical mass (z=2)

Pork FFESFGDLSNADAVMGNPK 1023.4673

Horse FFDSFGDLSNPGAVMGNPK 1000.4646

Beef FFESFGDLSTADAVMNNPK 1045.4804

Lamb FFEHFGDLSNADAVMNNPK 1076.9915

Chicken FFASFGNLSSPTAILGNPMVR 1113.5724



Myoglobin Myosin-1 Myosin-2 β-Haemoglobin
Pork 120HPGDFGADAQGAMSK140 619TLAFLFTGAAGADAEAGGGK638 619TLAFLFSGAQTGEAEAGGTK638 42FFESFGDLSNADAVMGNPK60

Horse 120HPGDFGADAQGAMTK140 619TLALLFSGPASADAEAGGK637 617TLALLFSGAQTADAEAGGVK636 42FFDSFGDLSNPGAVMGNPK60

Beef 120HPSDFGADAQAAMSK140 619TLALLFSGPASGEAEGGPK637 619TLAFLFSGTPTGDSEASGGTK639 40FFESFGDLSTADAVMNNPK58

Lamb 120HPSDFGADAQGAMSK140 619TLAFLFSGAASAEAEGGGAK638 617TLALLFSGTPTAESEGSGTK636 40FFEHFGDLSNADAVMNNPK58

Chicken 120HAADFGADSQAAMKK140 618TLALLFASAGGEPEASGGGGK638 618TLALLFANYGGAEAEASGGGGGGK642 42FFASFGNLSSPTAIL GNPMVR62

In silico MS2

fragmentation 
prediction

Venn 
diagrams

Otentifikasi dapat dilakukan pada MS1 dan MS2 untuk meningkatkan spesifisitas

Analisis Bioinformatik



Peptida target dicobakan untuk MS2 dimana
dihasilkan fragmen unik b dan y.

P E T L E K

P E T L E

P E T L

P E T

P E

E T L E K

T L E K

L E K

E K

b fragment ions y fragment ions



Analisis myoglobin dengan digesti proteolitik

Strategy

Survey MS Scan

Select ions 

of interest

Acquired MS/MS 

spectra

Generation of post-analysis XICs for 

selected proteotyping peptides

Beef Horse Pork Lamb

766.8435 
(z=2)

751.8383
(z=2)

744.8304
(z=2)

759.8357
(z=2)

140 000 FWHM
m/z 500-2000

17 500 FWHM

Isolation width = 1.5 AMU

Extracted ion chromatograms with mn ± 5 ppm



Setiap target peptide 
diekstrak dari TIC

749.0 749.5 750.0 750.5 751.0 751.5 752.0 752.5 753.0 753.5 754.0 754.5 755.0

m/z

751.8378

752.3393

752.8404

753.3409

∆m is - 0.7 ppmTIC masih mengandung
lebih dari 7000 peptida



Identifikasi spesifik
produk ion



Survey MS Scan

Select ions 

of interest

Acquired MS/MS 

spectra

Generation of post-analysis XICs for 

selected proteotyping peptides

Beef Horse Pork Lamb

766.8435 
(z=2)

751.8383
(z=2)

744.8304
(z=2)

759.8357
(z=2)

140 000 FWHM
m/z 500-2000

17 500 FWHM

Isolation width = 1.5 AMU Beef Horse Pork Lamb

1298.5681 
(y13)

1268.5576 
(y13)

1254.5419 
(y13)

1284.5525 
(y13)

1395.6209 
(y14)

1365.6103 
(y14)

1351.5947 
(y14)

1381.6053 
(y14)

XIC untuk y14 atau y13 ± 5 ppm



766.8         1298.5681 (y13) 766.8         1395.6209 (y14)

751.8         1268.5576 (y13)

744.8         1254.5419 (y13)

759.8         1284.5525 (y13)

751.8         1365.6103 (y14)

744.8         1351.5947 (y14)

759.8         1381.6053 (y14)

XIC spesifik dapat
digunakan untuk
membedaan antar
spesies , tetapi….

Beef

Horse

Pork

Lamb



Overlay XIC (extracted ion chromatogram)  m/z 744.8304 ± 5 ppm (z=2)
Peptida myoglobin babi
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Beef (Myoglobin peptide 120-134)

% CV < 20%
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Horse (Myoglobin peptide 120-134)

% CV < 16%

Pork (Myoglobin peptide 120-134)

% CV < 22%
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Lamb (Myoglobin peptide 120-134)

% CV < 19%
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Myoglobin (120-134)
HPGDFGADAQGAMSK
XIC 744.8304 (± 5 ppm)

Myosin-1 (619-638)
TLAFLFTGAAGADAEAGGGK
XIC 912.9600 (± 5 ppm)

Myosin-2 (619-638)
TLAFLFSGAQTGEAEAGGTK
XIC 978.4891 (± 5 ppm)

ɓ-Haemoglobin
FFESFGDLSNADAVMGNPK
XIC 1023.4673 (± 5 ppm)

sapi kambing ayam

Sampel daging dispike dengan 1% (w/w) babi

Warna merah untuk daging tanpa spiking



Data-independent acquisition (DIA)

Full scan m/z 600 – 1200  70, 000 FWHM 

m/z 600-650

MS/MS  isolation range

m/z 650-700

m/z 700-750

m/z 750-800

m/z 800-850

m/z 850-900

m/z 900-950

m/z 950-1000

m/z 1000-1050

m/z 1050-1100

m/z 1100-1150

m/z 1150-1200

17 500 FWHM
AGT: 1e6

Isolation with : 50 DA
MSX count: 1
Loop count: 6
Max IT: Auto

Precursor mass m/z 
744.8304 (+2) 

HPGDFGADAQGAMSK

1254.5419 (y13)

1351.5947 (y14)

Example: Pork myoglobin proteotypic peptide (120-134) 

Specific fragment ions
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STRATEGI UMUM
Extraction of gene 

information

In silico sequence 
alignment

In silico protein 
translation and 

alignment

Sequence analysis 
and In silico tryptic

digestion

Generate proteotypic
mass lists

Survey MS Scan

Targeted MS/MS or

DIA (25 or 50 Da)

Acquired MS/MS spectra

Generation of post-analysis XICs for 

selected proteotyping peptides

Precursor and specific production ions

Generate MS/MS 
product ion mass lists

Select ions 

of interest

Speciation is therefore 
based on genetic 

differences



Gelatin (kolagen babi dan sapi)

•a1 

• α2



Kandidat peptide biomarker gelatin (in silico)

a1 bovine porcine

mass position #MC peptide sequence mass position #MC peptide sequence

1.987,9831 448-468 1 GEPGPTGIQGPPGPAGEEGK R 1.973,9675 451-471 1 GEPGPTGVQGPPGPAGEEGK R

1.975,9943 1062-1083 1 SGDRGETGPAGPAGPIGPVG AR 1.961,9787 1065-1086 1 SGDRGETGPAGPAGPVGPVG AR

1.834,8790 781-801 1 GEAGPSGPAGPTGARGAPGD R 1.864,8896 784-804 1 GETGPSGPAGPTGARGAPGD R

1.831,8820 448-467 0 GEPGPTGIQGPPGPAGEEGK 1.817,8664 451-470 0 GEPGPTGVQGPPGPAGEEGK

1.721,8313 352-369 1 GEGGPQGPRGSEGPQGVR 1.709,8313 355-372 1 GEAGPQGARGSEGPQGVR

1.696,7884 1014-1032 1 EGAPGAEGSPGRDGSPGAK 1.706,8092 1017-1035 1 EGAPGAEGSPGRDGAPGPK

1.672,8989 304-321 1 GLPGERGRPGAPGPAGAR 1.698,9146 307-324 1 GLPGERGRPGPPGPAGAR

1.601,8254 115-131 2 GDTGPRGPRGPAGPPGR 1.617,8204 118-134 2 GDTGPRGPRGPSGPPGR

1.560,8128 1066-1083 0 GETGPAGPAGPIGPVGAR 1.546,7972 1069-1086 0 GETGPAGPAGPVGPVGAR

1.496,7525 171-186 0 STGISVPGPMGPSGPR 1.466,7420 174-189 0 SAGISVPGPMGPSGPR

1.406,7426 1310-1320 2 NWYISKNPKEK 1.392,7270 1313-1323 2 NWYISKNPKDK

1.318,6862 505-519 1 GPAGERGAPGPAGPK 1.334,6811 508-522 1 GPAGERGSPGPAGPK

1.281,6181 781-795 0 GEAGPSGPAGPTGAR 1.311,6287 784-798 0 GETGPSGPAGPTGAR

1.063,5755 310-321 0 GRPGAPGPAGAR 1.089,5911 313-324 0 GRPGPPGPAGAR

1.018,5540 121-131 1 GPRGPAGPPGR 1.034,5490 124-134 1 GPRGPSGPPGR



a-2
mass position #MC peptide sequence mass position #MC peptide sequence

1.889,9576 497-517 2 GPSGDPGKAGEKGHAGLAGA R 1.946,9790 499-519 2 GPTGDPGKNGEKGHAGLAGA R

1.959,9518 359-379 1 GEPGAVGQPGPPGPSGEEGK R 1.931,9205 361-381 1 GEPGAAGPQGPPGPSGEEGK R

1.920,0072 1122-1138 1 SPTSLRPKDYEVDATLK 1.916,0123 1124-1140 1 SPPSLRPKDYEVDATLK

1.944,9926 1204-1219 2 AQPEDIPVKNWYRNSK 1.915,9773 1206-1221 2 AQPENIPAKNWYRNSK

1.904,9321 670-691 1 DGARGAPGAIGAPGPAGANG DR 1.890,9164 672-693 1 DGARGAPGAVGAPGPAGANG DR

1.864,9187 485-504 1 GEPGNIGFPGPKGPSGDPGK 1.878,9344 487-506 1 GEPGNIGFPGPKGPTGDPGK

1.906,9365 587-607 1 GERGPPGESGAAGPTGPIGS R 1.876,9259 589-609 1 GERGPPGESGAAGPAGPIGS R

1.871,8379 925-943 1 DGNPGNDGPPGRDGQPGHK 1.818,8113 927-945 1 DGNPGSDGPPGRDGQAGHK

1.781,9180 793-813 0 TGPPGPSGISGPPGPPGPAG K 1.793,9544 795-815 0 IGPPGPSGISGPPGPPGPAG K

1.803,8507 359-378 0 GEPGAVGQPGPPGPSGEEGK 1.775,8194 361-380 0 GEPGAAGPQGPPGPSGEEGK

1.772,9401 379-397 1 RGSTGEIGPAGPPGPPGLR 1.771,9197 381-399 1 RGPNGEVGSAGPPGPPGLR

1.751,8670 995-1012 2 GPSGPQGIRGDKGEPGDK 1.765,8827 997-1014 2 GPSGPQGIRGEKGEPGDK

1.737,9030 572-589 1 GIPGEFGLPGPAGARGER 1.763,9187 574-591 1 GIPGEFGLPGPAGPRGER

1.770,8841 656-673 2 GETGLRGDIGSPGRDGAR 1.756,8684 658-675 2 GETGLRGDVGSPGRDGAR

bovine porcine



Bovine Vs Porcine Gelatin
Sekuence MH+ (z=1) teori MH+ (z=1) terukur z=2 z=3

SAGISVPGPMGPSGPR 1466,74202 1466,74190;D = -0,08733.87459 489.58575

TIC

XIC: 733.87459

XIC: 733.87459 Ą 952.46667 

XIC: 489.58575

BovinePorcine



Konfirmasi MS2

SAGISVPGPMGPSGPR

Konfirmasi MS2

No b⁺ b²⁺ Seq. y⁺ y²⁺ No

1 88,0393 44,52329 S 16

2 159,07642 80,04185 A 1379,71 690,3586 15

3 216,09788 108,5526 G 1308,6729 654,8401 14

4 329,18195 165,0946 I 1251,6514 626,3294 13

5 416,21397 208,6106 S 1138,5674 569,7873 12

6 515,28239 258,1448 V 1051,5353 526,2713 11

7 612,33515 306,6712 P 952,46691 476,7371 10

8 669,35662 335,182 G 855,41415 428,2107 9

9 766,40938 383,7083 P 798,39268 399,7 8

10 897,44986 449,2286 M 701,33992 351,1736 7

11 954,47133 477,7393 G 570,29944 285,6534 6

12 1051,5241 526,2657 P 513,27797 257,1426 5

13 1138,5561 569,7817 S 416,22521 208,6162 4

14 1195,5776 598,2924 G 329,19318 165,1002 3

15 1292,6304 646,8188 P 272,17172 136,5895 2

16 R 175,11895 88,06311 1



Porcine 25%

TIC

XIC: 733.87459

XIC: 733.87459 Ą 952.46667 

XIC: 489.58575

Porcine 50%



Porcine 5%Porcine 10%

TIC

XIC: 733.87459

XIC: 733.87459 Ą 952.46667 

XIC: 489.58575



TIC

XIC: 733.87459

XIC: 733.87459 Ą 952.46667 

XIC: 489.58575

Porcine 1%
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