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Halal vs Haram

1,9 mllyar populasi musllm duma
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210 juta muslim di Indonesia

‘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,...."
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Outline

Kenapa LC-MS/MS diperlukan untuk Analisis Halal?

Marker Peptida untuk Analisis Halal dengan HRMS

Contoh Aplikasi LC-MS/MS 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
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Variasi genetik , DNA
—~GGAGCCATATTAGATAGA- Desain primer
spesifik A
IEBN -ccaccaaTTTTTGATAGA- spesies | - 9 Based

PCR & rPCR :
BEDEE  analysis
Protein Based Analysis ‘ :

Gly Ala lle Leu asp Arg _
Biomarker
IEEN Gly Ala lle Phe asp Arg protein
Variasi urutan asam amino
protein

Spektrometri
masa
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Marker Peptida

Peptida untuk Analisis Halal dengan LC-MS/MS
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Mencari marker peptida

Myoglobin Bovine
Myoglobine Lamb
Myoglobin Equine
Myoglobin Pork
Myoglobin Poultry
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Bagian protein

Massa dan urutan asam amino spesifik

Beef  YLEFISDA IIHVLHAKHP SDFGADAQAA MSKALELFR  m1
Horse YLEFISDA IIHVLHSKHP GDFGADAQGA MTKALELFR  m2

Pork  YLEFISEA IlQVLQSKHP GDFGADAQGA MSKALELFR
Lamb  YLEFISDA IIHVLHAKHP SDFGADAQGA MSKALELFR
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Proteins digest
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Protease : tripsin, khimotripsin
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Protease menghidrolisis ikatan peptida secara spesifik
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Analisis Peptida dengan Spektrometri Massa
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& MS2 urutan asam amino
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Protein ID Separation (HPLC)

(fragmentasi)
Fragmentation m%%
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Tandem MS
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Fragmentasi peptida (MS?)
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monoisotopic mass

code name
(Da)

G glycine 57.021464
A alanine 71.037114
S serine 87.032028
P proline 97.052764
\Y 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

carbo%ymethylated 161.051049

cysteiline

carbamidated cysteine 160.030648

oxidised methionine 147.035399
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Intensity
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Peptide

MS/MS ldentification:

)

» Mass
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por100Omsms.raw #1309 RT: 12.2834 min
FTMS, 448.2353@hcd27.00, z=+2, Mono m/z=448.23534 Da, MH+=895.46340 Da, Match Tol.=0.6 Da

b32+
127.08710
4 -
g bo*, ba2*
.;;;; 5 ] 155.08195
B e
ya* - 372.22577 o v
] 204.13498  301.18796 419.72592 500.28418 587.31665 vo'
o yo?#H,O et et 741.39154
14711331 1,, yo2 362102832 42924707 644.33862
° 1(I)0 2(I)0 300 4(I)0 5(I)0 600 7OIO SOIO 9(I)O
m/z
#1 b* b2+ Seq. A vy #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
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|dentifikasi peptida
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Proteome
Discover...
Proteins | Peptides | Search Input | Fesult Filkers | Peptide Confidence | Search Summany
gﬂ ke SequUence Protein Group Accessions Modifications pR.S Probability pRS Site Probabilities
i 1 [ @ DLWEAPEHLR F25092 ' T4(Phospha) 100,0 % T(4 100.0 '
4 2 [ @ svADELR Q9CO07 51{Phospha) 100.0 % 5{1): 100.0
s 3 [ @ MNVYPFSELMLK 0114966 S5{Phospha) 100.0 % S5{5): 100.0
H- 4 [~ @ AEEDEILNRSPR F27az4 S10{Phospho) 100.0 % S{10) 100,0
¥ 5 [~ @ EYWYNYDDDGYIsLMFECDE P52174 S13(Phospho); C18(Carba... 100.0 % 5(13): 100.0
E [ @ FQsLGELIGTLMAAK P&0174 S3(Phospho) 100.0 %% S{3% 100.0; T(10): 0.0
s+ 7 [ @ LPLsLDLPsPRPFALPLGSPR QISMING S4{Phospho); S9(Phospha). . 100.0 % S¢<4: 100.0; S(9): 100.0; S(19%: 100.0
w8 [ @ AQLPPGPSLSGSK QeLOES T3{Phospha) 99,9 % T(3): 99.9; S(8%: 0.0; 5(10): 0.0; 5(12): 0.0
#- 9 | @ QLs5GYSEIR PO473z S3(Phospho) 99,3 % 3(3):99.3; 3(4): 0.7; S(Fn 0.0
F- 10 [ @ NATYGOsVLNIK F25320 S7iPhospho) 93.9% T(3)1.1; 57989
4 11 [ @ EsEVAHYDOQLFDDASR Q15047 S2iPhospho) 93,3 % S(2):98.3; 50150 1.7
v 12 [ @ LGDYsPTOQIDVSOFGSFK P46521 55{Phospha) 96.6 % S(5): 96.6; T(7): 3.4 5(12): 0.0; S(16): 0.0
s 13 [~ @ ESYPEFPLsPPK P16949 59{Phospha) 94,4 % S(2): 5.6; S(9): 94.4
+ 14 [ @ LTPWsPESSSTEEE Q13501 SS(Phospho) 94,72 % T(2) 5.8 550 94.2; (80 0.0; 509 0.0; {10 0.0; T(11): 0.0
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Intensity (Counts)
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I |‘I|‘|‘|I
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-.__‘
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—._._"
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Intensity (Counts}
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84.0448

186.0874

D[+1]2

238.0822

228.0979 |
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b*[+1]3
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718.3492

758.3449

776.3710

876.4163

858.3995

919.4174 h
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08.02875
41.00220
40.01818
1091.50763
1074.48108
1073.49707

186.08733
169.06078
168.07676
963.44905
946.42250
945.43849
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273.11936
256.09281
255.10879
876.41702
859.39047
858.40646

374.16704
307.14049
306.10647
775.36934
758.34279
757.35878

431.18851 | 532.23619 | 589.25766
414.16196 | 515.20964 | 572.23111
413.17794 | 5914.22562 571.24709
718.34787 gaFksiiukl 560.27872
701.32132 600.27364 543.25217
700.33731 | 599.28963 | 542.26816

717.31624
700.28969
699.30067
432.22014
415.19359
414.20958

845.37482
828.34827
827.36425
304.16156
287.13501
286.15100

b*[+1]3

GQSTGTGQQAER

974.41742
957.39087
856.40685
175.11896
158.09241
157.10840
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1130.51854
1113.49199
1112.50797
1148.52910
1131.50255
1130.51854

e



Peptida Biomarker Daging Babi

Protein target di daging

P Myoglobin
AN .
i X ¥) Myosin
SR 4 4
—— 2 adl - .
7 3-Hemoglobin
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Analisis bioinformatika

20 40 60 80
J 1

1
RTEAEMEASE

Consensus MCLSDCEWQL VLNXWCKVEA DVAGCHGQEVL IRLFTGHPET
100% E B B 1 |

1
Myoglobin Bovine MGESBGEWOE NENAWCENEA BNACHGOENE NREETCHPET HEREBDRER DEREHCNTEE TAEGGHEREN CcHHEAENEHE so
Myoglobine Lamb MGESBGEWOE NENAWCKNEA DNACHGCOENE NBREETCHPET EEKEDKEE ETEAEMEASE DEEEHCNTEE TAEGCHEEKE CHHEAENEHE oo
Myoglobin Equine MGCESBGCEWQOQO NENNWCENEA BEAGHGCOENME NREETCHPET BEKEDKEER ETEAEMRASE DEREHCTENE TAECGCHERKE CHHEAEEKPE o0
Myoglobin Pork MGESBGCEWOE NENEWCENEA BEACHCOENE NREEECHPET HEREDEER KSEDEMEASE DEEEHCNTEE TAEGCGHEERKERE CHHEAEETPE co
Myoglobin Poulry MGESBOEWOQ METHWCENEA BEACHGHENE MVMREEHBHPET EDREDKEER ETPBOMEGSE DEEEHCATHNE TOECGKNEEQE CNHESEEEPE o0
LEKFDKFK KTEAEMKASE DLKKHCNTVL TALGCGCILKKK GCGHHEAELKPL
il

i b (LR i ) T [0 iain

Conservation | ” Tin I"? \ rr-[ | H “ : ‘ \ l——l H I—\— |

vl | T O SN 00 S
=& - NN

I
o

10

(-]

ol
=N

o

1

Myoglobin Bovine AESHANKHEN PEENEEENSD ANNANEHAR SBEcABAGA AMSEAR B NBvAAONENE cBHC 154
Myoglobine Lamb AESHANKHEN PUENEEENSD ANNHNEHA PSBEcCABAQGC AMSEARER NBMAAONKNE cEBQGC 154
Myoglobin Equine AQSHATKHEN PREENEEERSE ABNHREHSKEH PGCBEcABAQGGC AMTRABREERER\ NBHNAAENKEE cEQG 154
Myoglobin Pork AQSHATKHEN PENENEEENSE ABNONEQC PGBEGCABAQG AMSEAREERER JNDVMAARNREE cEBQc 154
Myoglobin Poultry AQTHATKHEN PUENEEENSE VNRRERNA AADECADSOA AMERARERER/NDMASKNEREE cEac 1s4

Consensus AQSHATKHK | PVKYLEFISD Al IHVLH PXDFGADAQG AMSKALELEN NDMAAKYKEL GFQG

100% Er—— ‘ - —— [ il - : ] ] i 2| i | e i i

Conservation | | | iy 11 o Do Do 1 TNl 0 e g U 1IN 1

Myog lobin In silico tryptic digestion

120 134 m/z teoritis (z=2)
12
Beef  HP SDFGADAQAA MSK 766,8435
Horse  HP GDFGADAQGA MTK 751,8383
X Pork  HP GDFGADAQGA MSK 744,8304
Lamb  HP SDFGADAQGA MSK 759,8357

MEGA-X
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Intensity

Targeted
products

Protein Enl,action

);lj\gi Pro\Lonsis

Peptide enriquent

‘ MS and NIS/MS

Protein / pgptide
Rv0001 identification

Rv0002
Rv0003

Rv0004
Rv0005

Rv0006
Rv0007

S ——— A\J..I.L)

Experimental

v

Digesti tripsin

- v»l | ’

Isolasi protein

LC-HRMS/MS

310 697830 1563711 2185 2467
L
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4045
529 “y
[44‘“747678750750 5624 G062 6260 g3g 6937 7461 763 8043 BK 890
.

L
L3 50 5 60 65 n ) L] 8
Time (min)

TIC (raw data)
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Ekstraksi ion dari TIC (XIC)
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Proteotypic peptides Mass (m/z)

Beef HPSDFGADAQAAMSK X,
Horse HPGDFGADAQGAMTK X,
Pork HPGDFGADAQGAMSK X
Sz e S Lamb HPSDFGADAQGAMSK xi
P RS
14/0 000 FWHM \! Re N
m/z 500-2000
Select ions
of interest 766.8435 751.8383 I‘ 744.8304 : 759.8357
(z=2) (z=2) \ (z=2) [/ (z=2)
Isolation width = 1.5 AMU \ /
(N V4
~~—’,

Acquired MS/MS
spectra

17 500 FWHM

Generation of post-analysis XICs for
selected proteotyping peptides

Extracted ion chromatograms with m_+ 5 ppm
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8.4 Myoglobin (120-134) hns1 (z=2)
HPGDF GADAQGAMSK 744 8295
XIC 744.8304 (= 5 ppm)

745.3308

745.8314

£l XIC

746.3329
Xealibur ‘
0o S5 10 15 20 25 30 35 40 45 742 0 744 2 T46 748
Time (min) m/z

2 4045
1629 = 43
300 69783 BB 25 48 s 50 su g 0% ae BT s TR B8 BE 90

L L
0 ¥ 4 % 5 55 60 65 0 7 80 85 0
Time (min)

i ! LI i
0 5 10 15 20 5

Orduna, et al, 2017 https://doi.org/10.1080/19440049.2017.1329951
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tmMS? —— 744.8 —»1254.5419 = 5 ppm

— 744.8 —1351.5947 = 5 ppm
1% Pork in Beef meat

1% Pork in Chicken meat

1% Pork in Lamb meat

Orduna, et al, 2017 https://doi.org/10.1080/19440049.2017.1329951 ALY ROOTED, GLOBALLY RESPECTED



766.8 — 1298.5681 (y,s)

766.8 — 1395.6209 (y,,) v
Beef — | UNIVERSITAS GADJAH MADA
751.8 —» 1268.5576 (y;5) mween " 751.8 — 1365.6103 (y,,) mween "
Horse
| ek XIC spesifik dapat
. digunakan untuk
membedaan antar
spesies
744.8° 2y 12545419 {y, 0l 2 ¢ ® 764.8 2y 13515947 (Vo) w2 0 "
Pork
| — Beef
| ~— Horse ~— Beef
759.8 —» 12845525y, 0.~ " ¢ 0w ® 759.8 Z» 1381.6053 (Yy0) oy = © ° %
Lamb
| — Beef
‘ f:::b — Boef
\ g
l‘ ‘ Lamb
‘ |
‘ |
\ |\
5 6 7 8 9 rh.ﬂ:"“") 1" 12 13 14 15 5 6 7 8 9 m:?mm 1 12 13 5
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Kuantifikasi dengan XIC m/z 744.8304 + 5 ppm (z=2)

Peptida myoglobin babi

— 100%
— 50%
— 25%
— 10%

J B _l o
A & 10000004
—\
i i ° ° ? Time (mzir51) ” > ® ® ° 0 20 40 60 80 100
Peak area XIC vs konsentrasi T
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Peptide sequence

AA position  Theoretical mass (z=2) Observed mass (z = 2)

Species Protein

Pork Myoglobin HPGDFGADAQGAMSK 120-140 7448304 744.8295
Horse Myoglobin HPGDFGADAQGAMTK 120-140 751.8383 751.8374
Beef Myoglobin HPSDFGADAQAAMSK 120-140 766.8435 766.8447
Lamb Myoglobin HPSDFGADAQGAMSK 120-140 759.8357 759.8368
Chicken  Myoglobin HAADFGADSQAAMK 120-139 710.3197 710.3199
Pork Myosin-1 TLAFLFTGAAGADAEAGGGK 619-638 912.9600 912.9593
Horse Myosin-1 TLALLFSGPASADAEAGGK 619-637 888.4623 888.4612
Beef Myosin-1 TLALLFSGPASGEAEGGPK 619-637 901.4702 901.4718
Lamb Myosin-1 TLAFLFSGAASAEAEGGGAK 619-638 927.9652 927.9648
Chicken  Myosin-1 TLALLFASAGGEPEASGGGGK 618-639 945.4838 945.4831
Pork Myosin-2 TLAFLFSGAQTGEAEAGGTK 619-638 978.4891 978.4884
Horse Myosin-2 TLALLFSGAQTADAEAGGVK 617-636 960.5073 960.5061
Beef Myosin-2 TLAFLFSGTPTGDSEASGGTK 619-639 1022.4971 1022.4968
Lamb Myosin-2 TLALLFSGTPTAESEGSGTK 617-636 984.0020 984.0026
Chicken  Myosin-2 TLALLFANYGGAEAEASGGGGGGK  618-642 1084.5346 1084.5359
Pork B-Haemoglobin  FFESFGDLSNADAVMGNPK 42-60 1023.4673 1023.4665
Horse B-Haemoglobin  FFDSFGDLSNPGAVMGNPK 42-60 1000.4646 1000.4635
Beef B-Haemoglobin  FFESFGDLSTADAVMNNPK 40-58 1045.4804 1045.4794
Lamb B-Haemoglobin  FFEHFGDLSNADAVMNNPK 40-58 1076.9915 1076.9905
Chicken  B-Haemoglobin  FFASFGNLSSPTAILGNPMVR 42-62 1113.5724 1113.5729




Peptida Biomarker Gelatin

Protein target gelatin

al- Kolagen

a2~ Kolagen

UGM.AC.ID
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Analisis bioinformatika
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° al OVINE MFSFVDLRLLLLLAATALLTHGQEEGQEEG---QEEDIPPVICVONGLRYHDRDVWKEVE
Porcine MFSFVDLRLLLLLAATALLTHGQEEGQEEGQQGQEEDIPEVICVONGLRYHDRDVWKEVE

R R R R A R R R R R A R T R R T TS R R R R R R R AR TR TR T r*x

BOVINE CRICVCDNGNVLCDDVICDELKDCPNAKVPTDECCEVCPEGQESPTDQETTGVEGPKGDT
Porcine CQICVCDNGNVLCDDVICDEIKNCEPSARVPAGECCEVCPEG E'.'ZTIDQEIIT 'EGPKGDT

mT ODoDDOADASDDTI N, ~ NI ~ AT MR DAT OVSY IO AT OTTIT
BOVINE GPRGPRGPAGPPGRDGIE S0 GLPGPPGPPGPPGPPGLGGNFAPQLSY GYDEKSTGISVE
- ek sisladsizslatsl~datests ntshal o NI ~ ATV T Y ~ AT MNT OUrSY FCONSTOIID
Percine GEPRGPRGPSGPPGRDGIPGOPGLPGPPGPPGPPGPPGLGCGNFAPQLSYGYDEKSAGISVE
L R R R N R N R R R A R R N R R T R R T R T T T T Ty TEEE >

° 02 PORCINE ML

SEVDIRILLLLAVISCLATCQSLOEATARKGPTGDRGPRGERGPPGPPGRDGDDGIPG
BOVINE MLSFVDIRTLLLLAVISCLATCQSLOEATARKGPSGDRGPRGERGPPGPPGRDGDDGIPG

PORCINE PPGPPGPPGPPGLGGNFAA
OVINE PPGPPGPPGPPGLGGNFAA(

PORCINE GEPGQTGPAGARGPPGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIR 39
BOVINE f:EP GQIGPAGARGPPGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIR
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ol bovine porcine

~ mass  position  #MC  peptidesequence mass  positon #MC  peptide sequence
1.987,9831 448-468 1 GEPGPTGIQGPPGPAGEEGK R 1.973,9675 451-471 1 GEPGPTGV QGPPGPAGEEGK 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 GEPGPTGV QGPPGPAGEEGK
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 48 70 1069-1086 0 GETGPAGPAGPVGPVGAR
1.496,7525 171-186 0 STGISVPGPMGPSGPR 174-189 0 SAGISVPGPMGPSGPR
1.406,7426 1310-1320 2 NWY ISKNPKEK 1.392,7270 1313-1323 2 NWY ISKNPKDK
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

40
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oL-2

bovine
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porcine

1.889,9576 497-517
1.959,9518 359-379
1.920,0072 1122-1138
1.944,9926 1204-1219
1.904,9321 670-691
1.864,9187 485-504
1.906,9365 587-607
1.871,8379 925-943
1.781,9180 793-813
1.803,8507 359-378
1.772,9401 379-397
1.751,8670 995-1012
1.737,9030 572-589
1.770,8841 656-673

UGM.AC.ID

N RPN R O O R R R R N RE RPN

GPSGDPGKAGEKGHAGLAGA R
GEPGAV GQPGPPGPSGEEGK R
SPTSLRPKDY EVDATLK
AQPEDIPVKNWY RNSK
DGARGAPGAIGAPGPAGANG DR
GEPGNIGFPGPKGPSGDPGK
GERGPPGESGAAGPTGPIGS R
DGNPGNDGPPGRDGQPGHK
TGPPGPSGISGPPGPPGPAG K
GEPGAV GQPGPPGPSGEEGK
RGSTGEIGPAGPPGPPGLR
GPSGPQGIRGDKGEPGDK
GIPGEFGLPGPAGARGER
GETGLRGDIGSPGRDGAR

1.946,9790
1.931,9205
1.916,0123
1.915,9773
1.890,9164
1.878,9344
1.876,9259
1.818,8113
1.793,9544
1.775,8194
1.771,9197
1.765,8827
1.763,9187
1.756,8684

499-519
361-381
1124-1140
1206-1221
672-693
487-506
589-609
927-945
795-815
361-380
381-399
997-1014
574-591
658-675

N RPN P O O R P R R N PRE RPN

GPTGDPGKNGEKGHAGLAGA R
GEPGAAGPQGPPGPSGEEGK R
SPPSLRPKDY EVDATLK
AQPENIPAKNWY RNSK
DGARGAPGAV GAPGPAGANG DR
GEPGNIGFPGPKGPTGDPGK
GERGPPGESGAAGPAGPIGS R
DGNPGSDGPPGRDGQAGHK
IGPPGPSGISGPPGPPGPAG K
GEPGAAGPQGPPGPSGEEGK
RGPNGEV GSAGPPGPPGLR
GPSGPQGIRGEKGEPGDK
GIPGEFGLPGPAGPRGER
GETGLRGDVGSPGRDGAR
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Eksperimental

fragment ions
of peptides

MS/MS
bottom-up

proteolytic digest proteomics

(e.g. by trypsin)

protein

Genome annotation

( ; v, Protein spesifik
[ S— spesies

v e D paran Peptida spesifik
S e éhcgrwf?c S p esles
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Sekuence MH* (z=1) teori MH* (z=1) terukur z=3
SAGISVPGPMGPSGPR 1466,74202 1466,74190; A=-0,08 | 733.87459 | 489.58575
T:0.00-9001 SM: 3G RT-000-3000 SM-3G
50.30
100+ 679.51135 100+
50—: 565 63057 45'131?135;?11 TIC 50 641 5193 H@jgﬁg 591 80951
. .
2 100- 73387427 2 100-
EE XIC: 733.87459 R
=z 504 € 50
£ o 40.93 o
00 489.58551 o0
50—2 e 15956743 XIC: 489.58575 50
] ] | - 10 |4 . ‘ 0 .
{00 952 46667 100
]  Porcine XIC: 733.87459 > 952.46667 =1 | Bovine
0 10 20 30 40 50 60 D:ﬂ 0 20 20 10 £ 50
Time (min)

UGM.AC.ID

Time (min)
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por100msms (21 #12848 RT: 4094 AV: 1 ML: 5 77EG

F: FTMS +p NSl d Full ms2 733.8748@hcd27.00 [101.0000-1515.0000]
“’”; 3 UNIVERSITAS GADJAH MADA
90 \\i';@,
Konfnrmasn I\/ISZ
F"U—f

I SAGISVPGPMGPSGPR

g 404 384 19
30%

] 215;2?15 No b* b2* Seq. v vy No
2071312 |7 50109 1 88,0393| 44,52329| S 16
10 398 20 935 43 113867 2 159,07642| 80,04185 A 1379,71| 690,3586| 15

3 ‘ * l ‘ 49727 20 3p 79535 85541 105152
od ALl TR YA P I S N 3 216,09788| 108,5526 G 1308,6729| 654,8401| 14

200 400 600 800 1000 1200 1400 4 329,18195| 165,0946 | 1251,6514| 626,3294| 13
por100msms.raw #12848 RT: 40.9354 min 5 416,21397| 208,6106 S 1138,5674| 569,7873| 12
FTMS, 733.8745@hcd27.00, z=+2, Mono m/z=733.87447 Da, MH+=1466.74166 Da, Match Tol.=0.6 Da
o 6 515,28239| 258,1448 v 1051,5353| 526,2713| 11

- 7 612,33515| 306,6712 P 952,46691| 476,7371| 10
6] 952.46667 8 669,35662| 335,182 G 855,41415| 428,2107 9
9 766,40938| 383,7083 P 798,39268 399,7 8
g ® ] 10 897,44986| 449,2286| M 701,33992| 351,1736 7
=] 11 954,47133| 477,7393 G 570,29944| 285,6534 6
2 12 1051,5241| 526,2657 P 513,27797| 257,1426 5
B b2t 13 1138,5561| 569,7817 S 416,22521| 208,6162 4
> ) 384.18777  bs"-H,O biot, yi* 14 1195,5776| 598,2924 G 329,19318| 165,1002 3
T 2] bs 497.27390 + NH, | 105152148
216.09787 798288464 b ;1;16531 15 1292,6304| 646,8188 P 272,17172| 136,5895 2
g b4gY3 be-H:0, ys-H:O N Py 16 R 175,11895| 88,06311) 1
o ve | R0 . 855, 40965‘ -
o | ; | | L I. 1 Lol L II | "I : | : :
200 400 600 800 1000 1200 1400
m/z

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED




Porcine 50%

RT:0.00-30.00 SM: 3G

TIC

XIC: 733.87459

XIC: 489.5857
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50.23
100+ 679 51123
£0- 1473 44.08
] 666.83057 45334314
© 0 4112
2100_ 733.87445
g
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< 50
[1F] -
E -
s
&z 0 4123
100+ 48958536
. 14 26
50 48958698
: || L
0 T :
100+ 952 46692
50
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UNJLYLI. NN 1LY
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100~
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Porcine 25%

RT:0.00-3001 SM: 3G

44 67

679.51074
12 80

62979926

33.82
45334302

—

[

=
I

o
=
l

73387445

]

—

[

=
I

50
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2597
459 56409

100

50

03
0

24
95246637
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Porcine 10%

RT: 0.00-30.00 SM: 3G
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Porcine 5%

RT: 0.00-9000 SM: 3G

5027 44 95
100 673.51117 12 67 792 59528
. 1007 62979932
50 1471 23.08 4159 e
. 641.31293 730 34955 714.36780 50:
® 0= ] TIC n: 1
[} -
S 100 ra3grast 00— 733 87128
E - ] 2677
3 ;oA . 733.86755
a4 50— 504
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= . : \
© 71,70 0 . L] . -
- 48922964 584
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. 100
50 20.34 XIC: 489.58575 ] 23 86
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[]_ - 4_L .
7709 0] .
952 46783 73 58
1003 00— 95246680
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= 50
03 .
0 40 50 07
Time (min) 0 10 20 30 A0 50
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RT: 0.00-8399 5M: 3G
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100 396 80167
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] 64131299 73034955 453 34308
- . TIC
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= 1005 73387469
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E - L Fy L S
s ' 1462 1194
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RT: 0.00-90.00

1003 miz= 159.07562-159.07722 F:
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e
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. .
Gelatin babi 0%
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\w““‘é@h;‘” — m/z MS2Z untuk Mencari target biomarker,
A © - mendapatkan urutan kuatitasi dengan PRM
\’ = 744.8304 peptida
m/z
Memerlukan . _ o
daughter ion untuk Analisis rutin dan kuantitatif
744 konfirmasi (MRM)

qualitative (MS?)
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Contoh Aplikasi LC-MS/MS untuk Analisis Halal
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Inside TQD

. APl Gas Collision Gas
497 L/hr 0 L/Hr
ES+ Analyser
5 - B 8.72E-04 mB
; L2 0‘5 o : 4o Detector [PMT)
Desalvation . 0D,
24 °C 1L/hr e - . -
s B o
Phosphor
Core Estractor Entrance Exit [ =]
3y -3¥ 1v -1.22 ¥ ‘
1 - - - ll"' |.-- ] - --O'—
=t y o
Source e HEES
a8 °C Hexapole Quadrupole T4#4VE Collision Cell Quadrupole
Caollision Energy 3 e¥ (MS2)
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MRM (Multiple Reaction I\/Ionitorﬁitﬁg)

Ql Collision Q2
STATIC RF Cell (gas in cell) STATIC RF
And Quad DC for m, 5-40 eV And Quad DC for m,

Quantitation

LOCALLY ROOTED, GLOBALLY RESPECTED
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Food and Environmental

Are Pork Extracts Present in My Gummy Bears?

Gelatin Speciation by LC-MS/MS
Chor Teck Tan' and Stephen Lock®

ﬂ o~ -4/
The accidental or fraudulent blending of meat and animal ™

'"AB SCIEX Singapore, °’AB SCIEX Warrington (UK)
products from different species is highly relevant for consumers ' &

with ethical concerns against eating species such as horse or L\ .

Overview

NN
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Contoh marker untuk analisis Rutfﬁ MRM

Gelatin Marker Q1 (amu) Q3 (amu) CE (V)
Pork gelatin 1 1103 850.9 97.5
Pork gelatin 2 486.2 786.4 26.4
Pork gelatin 3 921.5 1050.6 494
Pork gelatin 4 620.8 618.3 28.3
Beef gelatin 1 659.3 766.5 34
Beef gelatin 2 781.4 991.6 42.3
Beef gelatin 3 644.8 971.5 37.3

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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256 - <
206{ EPI of 644.8 amu
1,566 -
g 1084 46
5 82743 Y
1.0e6 1 971.43
- |
240,85 e /
5.0e5 4 45 77 97247 | 108542
,f"‘s" P /
71456
" I - Y ,
800 1000 1200 1400

Mass/Charge. Da
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UGM.AC.ID
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Validation and theoretical justification of an LC-MS method for the animal @rn.“mm
species specific detection of gelatin
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ARTICLE INFO ABSTRACT

Keywords: Collagen is the most abundant protein family in mammals. Commercial edible gelatins are often produced from
Gelatin bovine and porcine skin and bone and consist mainly of partially hydrolyzed collagen type 1. The gelatin in-
LC-MS

dustry would benefit from a sensitive and reliable species detection method to unambiguously demonstrate

Quantification species authenticity of their products. PCR and ELISA could in principle be used for this purpose. However, for
:::‘::“ gelatin, problems associated with false-positive and false-negative results, inconsistencies and low reactivity of
Porcine commercially available kits have been observed with regard to ELISA and PCR methods. Therefore we developed
TrustGel a selective bottom-up LC-MS methodology for quantitative gelatin species determination with a lower limit of
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* Bovine (GETGPAGPAGPIGPVGAR) protein a-1 kolagen
* Porcine (GIPGEFGLPGPAGPR) protein a-2 kolagen

MRM

* 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*) 2y, m/z 991.60 y,* 823.50
* Porcine 727.40 (2*) 2y,*m/z 667.35 and y,;** 642.32
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[———
m B_GETGPAGPAGPIGPVGAR Bovine

P_GIpGEFGLpGPAGPR F5:MRM of 9 channels ES+
F3:MRM of 11 channels ES+ 780.9>991.6
727.4>667.35 100 3.464e+005
8.855e+005 1 A
100 . //\ T , \\
d ! ] J
%% . | Yy 449 ‘
N \ O
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FS5:MRM of 9 channels ES+
F3:MRM of 11 channels ES+ 780.9>823.5
727 .4>642.3 100 3.842e+005
1.080e+006 f
100-; "
| i | 4.49
F————="- - min 4.000 4.250 4.500

Rec 111% (LLOQ), 124% (0.1%), 104% (2%)
Presisi, repetibalitas 3.1%, repoduc. 6%
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News Detection and Differentiation of Bovine and Porcine Gelatins
in Food and Pharmaceutical Products By LC/MS/MS Method

= Udi Jumhawan, Jie Xing & Zhaoqi Zhan
No. AD-0164 :
Application Development & Support Centre, Shimadzu (Asia Pacific) Pte Ltd, Singapore
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Protei UniProt |Peptide marker| Precursor ion | Number of RT . . Peptide marker |Precursor ion| Number of RT
rotem No. (Abbr.) & Charges MRM (min) Protein UniProt No. (Abbr.) & charges MRM (min)
861 S0 4 0 Alpha-1 PG2 486.25++ 4 1.3
Alpha-1 chain chain of
oF type 1 o453 BG2 7805+ : 39 type 1 AOA1S7J210 PGS 656.3++ 4 5.4
collagen BG4 641.3++ 5 5.3 porcine
collagen PG6 773.9++ 5 91
BG5S 473.2++ 4 1.0
PG1 1103.05++ 3 8.5
BG3 644.3++ 3 7.9
- J— ; - Alpha-2 PG3 921.45++ 5 9.5
Alpha-2 chain ' ' chalnlof AOALETI1Y
of type 1 type ) PG4 620.8++ 5 10.4
bonins P02465 BG7 393.2++ 4 2.3 porcine
collagen BGS 357.65++ 3 0.9 collagen PG7 731.85++ 5 8.0
BGY 596.85++ 5 9.2 PG8 590.85++ 5 7.9
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Number of detected peptide

Gelatin
. declaration & s
Olice Bovine Porcine
Gummy bear | Yes, beef 8 ND
Marshmallows | Yes, pork ND 5
1
Chewing gum Yes, undeclared ND 6
Marshmallows Il | Yes, undeclared 6 ND
(x1 Omom) Gummy bear Il | Yes, undeclared 8 ND
4 o]
-+ Pharma capsule | | Yes, undeclared 9 ND
4 MRM1 D
40-} o Pharma capsule Il | Yes, undeclared 9 4
-
“
3,04 BG6
i (275%)
1 »
2.0
R |
4 |
- A |
] J M\
1.0 ¥ T'L
e A\ —
0.0
: T | T |
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