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Halal vs Haram

➢QS. Al-Baqarah (2): 168

“Wahai manusia! Makanlah yang halal lagi baik yang terdapat di bumi, dan
janganlah kamu mengikuti langkah-langkah setan, sesungguhnya setan itu
musuh yang nyata bagimu.”
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➢QS. Al Maidah (5): 3

“Diharamkan bagimu (memakan) bangkai, darah, daging babi, (daging hewan) 
yang disembelih atas nama selain Allah, yang tercekik, yang terpukul, yang jatuh, 
yang ditanduk, dan diterkam binatang buas,….”

1,9 milyar populasi muslim dunia

210 juta muslim di Indonesia



Alur Sertifikasi Halal (UU JPH No. 33 Tahun 2014)
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Analisis halal



Outline
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Marker Peptida untuk Analisis Halal dengan HRMS

Contoh Aplikasi LC-MS/MS untuk Analisis Halal

Kenapa LC-MS/MS diperlukan untuk Analisis Halal?
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Kenapa LC-MS/MS diperlukan untuk Analisis Halal?
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PCR dan realtime PCR sebagai gold standard analisis halal

Daging dan produk

olahan :  

(babi, tikus anjing? )

= Rp…Rp..Rp

$
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Low DNA or no DNA sample
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False negative



Protein Based Analysis

Analisis halal = identifikasi spesies
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babi

Variasi genetik

Desain primer 
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Gly Ala Ile  Leu asp Arg

Gly Ala Ile Phe asp Arg

sapi

babi

Variasi urutan asam amino
protein

Biomarker 
protein

DNA

Based

Analysis

Spektrometri
masa
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Marker Peptida

Peptida untuk Analisis Halal dengan LC-MS/MS



Mencari marker peptida
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YLEFISDA IIHVLHAKHP SDFGADAQAA MSKALELFR
YLEFISDA IIHVLHSKHP GDFGADAQGA MTKALELFR
YLEFISEA IIQVLQSKHP GDFGADAQGA MSKALELFR
YLEFISDA IIHVLHAKHP SDFGADAQGA MSKALELFR

Beef
Horse
Pork
Lamb

m1
m2
m3
m4

Massa dan urutan asam amino spesifik
Bagian protein

biomarker



Protein → peptida
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H2O

Protease menghidrolisis ikatan peptida secara spesifik

Protease : tripsin, khimotripsin
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Analisis Peptida dengan Spektrometri Massa

Tandem MS

m/z peptidaMS1

MS2 urutan asam amino 
peptida

(fragmentasi)



Fragmentasi peptida (MS2)
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y3

b2

y2 y1

b3a2 a3

HO                  NH3
+

|                       |

R1       O              R2 O             R3 O             R4

|      ||                |      ||               |       ||              |

H -- N --- C --- C --- N --- C --- C --- N --- C --- C --- N --- C -- COOH

|       |               |        |               |       |               |

H      H H H H H H

b2-H2O

y3 -H2O

b3- NH3

y2 - NH3
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code name
monoisotopic mass  

(Da)

G glycine 57.021464

A alanine 71.037114

S serine 87.032028

P proline 97.052764

V valine 99.068414

T threonine 101.047678

C cysteine 103.009184

I isoleucine 113.084064

L leucine 113.084064

N aspagine 114.042927

D aspartic acid 115.026943

Q glutamine 128.058578

K lysine 128.094963

E glutamic acid 129.042593

M methionine 131.040485

H histidine 137.058912

F phenylalanine 147.068414

R arginine 156.101111

Y tyrosine 163.063329

W tryptophan 186.079313

carboxymethylated 

cysteine
161.051049

carbamidated cysteine 160.030648

oxidised methionine 147.035399

High resolution MS
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G V D L K

mass
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#1 b⁺ b²⁺ Seq. y⁺ y²⁺ #2

1 58,02874 29,51801 G 11

2 155,0815 78,04439 P 838,44174 419,72451 10

3 252,13427 126,57077 P 741,38898 371,19813 9

4 309,15573 155,0815 G 644,33621 322,67175 8

5 396,18776 198,59752 S 587,31475 294,16101 7

6 467,22487 234,11608 A 500,28272 250,645 6

7 524,24634 262,62681 G 429,24561 215,12644 5

8 595,28345 298,14536 A 372,22415 186,61571 4

9 692,33621 346,67175 P 301,18703 151,09715 3

10 749,35768 375,18248 G 204,13427 102,57077 2

11 K 147,1128 74,06004 1

GPPGSAGAPGK
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Identifikasi peptida
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MS/MS
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Peptida Biomarker Daging Babi

Protein target di daging

Myoglobin

Myosin

β-Hemoglobin 
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Analisis bioinformatika

HP SDFGADAQAA MSK                           766,8435
HP GDFGADAQGA MTK                          751,8383
HP GDFGADAQGA MSK                          744,8304
HP SDFGADAQGA MSK                           759,8357

120 134

Beef
Horse
Pork
Lamb

In silico tryptic digestion

m/z teoritis (z=2)

Myoglobin



Experimental
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Isolasi protein

Digesti tripsin

LC-HRMS/MS
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Ekstraksi ion dari TIC (XIC)

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
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MRM babi :

MS2

766.8435

751.8383

759.8357

MS1

744 →1351

744 →1254

744 →1082

Orduna, et al, 2017 https://doi.org/10.1080/19440049.2017.1329951
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XIC spesifik dapat
digunakan untuk
membedaan antar
spesies

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)

Beef

Horse

Pork

Lamb
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Kuantifikasi dengan XIC m/z 744.8304 ± 5 ppm (z=2)
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Peptida Biomarker Gelatin

Protein target gelatin

a1- Kolagen

a2- Kolagen
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Analisis bioinformatika

• a1 

• α2



Digesti tripsin in silico
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a 1 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



41

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



Eksperimental
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HRMS analysis

Thermo Exative

Orbitrap

• Protein spesifik
spesies

• Peptida spesifik
spesies

tripsin digestion

Genome annotation

Peptide biomarker
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Sekuence MH+ (z=1) teori MH+ (z=1) terukur z=2 z=3

SAGISVPGPMGPSGPR 1466,74202 1466,74190; D = - 0,08 733.87459 489.58575

TIC

XIC: 733.87459

XIC: 733.87459 → 952.46667 

XIC: 489.58575

BovinePorcine
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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
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Porcine 25%

TIC

XIC: 733.87459

XIC: 733.87459 → 952.46667 

XIC: 489.58575

Porcine 50%
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Porcine 5%Porcine 10%

TIC

XIC: 733.87459

XIC: 733.87459 → 952.46667 

XIC: 489.58575
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Porcine 1%

TIC

XIC: 733.87459

XIC: 733.87459 → 952.46667 

XIC: 489.58575
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High vs Low resolution MS

744.8304

744

m/z

Memerlukan
daughter ion untuk
konfirmasi
qualitative (MS2)

m/z

MS2 untuk
mendapatkan urutan
peptida

Mencari target biomarker, 
kuatitasi dengan PRM

Analisis rutin dan kuantitatif
(MRM)
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Contoh Aplikasi LC-MS/MS untuk Analisis Halal



Inside TQD
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MRM (Multiple Reaction Monitoring)
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Contoh marker untuk analisis Rutin MRM
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• Bovine (GETGPAGPAGPIGPVGAR) protein α-1 kolagen

• Porcine (GIPGEFGLPGPAGPR) protein α-2 kolagen

• capillary voltage 0.7 kV, 

• The cone voltage (40–50 V) and collision energy (15–35 eV) were 
optimized for each peptide.

• Bovine 780.90 (2+) →y11
+ m/z 991.60 y9

+ 823.50

• Porcine 727.40 (2+) →y7
+m/z 667.35 and y13

2+ 642.32

59

Marker

MRM 
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Porcine 
confirmation
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Porcine Bovine

LLOQ 0.05%
Rec 111% (LLOQ), 124% (0.1%), 104% (2%)
Presisi, repetibalitas 3.1%, repoduc. 6%

Validation
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TIC
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