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Research progress on the detection of food allergens by mass spectrometry

ZHOU Hong-Fei'?, WU Zhi-Hua'"", CHEN Hong-Bing'”

(1. State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China;
2. School of Food Science and Technology, Nanchang University, Nanchang 330031, China;
3. Sino-German Joint Research Institute, Nanchang University, Nanchang 330047, China)

ABSTRACT: Food allergy is a prominent problem in the field of food safety, and more and more attention has been
paid to the study of allergen detection methods. Compared with traditional immunological detection, mass
spectrometry, which is widely used in the detection of food allergens, takes the advantages of high throughput and
high sensitivity in detecting food allergens, especially in those processed samples and complex substrates. This paper
mainly introduced the research progress of mass spectrometry in food allergen detection from the qualitative and
quantitative aspects.These studies involved most of major food allergens, such as milk, eggs, wheat and hazelnuts.
For qualitative analysis, peptide mass fingerprint method and peptide-fragment fingerprint method were applied to
identify allergenic proteins in food. In quantitative research, relative/absolute quantification of trace target proteins
can also be achieved through labeling/no-labeling technology. The application of mass spectrometry in food allergen
detection would upgrade our ability of allergen detection and reduce the risk of food allergy.
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YL EEN RS — D ER AL T AN
B, 22 mm )L E S AR NBCE I, AR B
(AR, R T 22 AR ™ i 4 i 5 e R e kT AR
A RESE, K2 90%MEYEuEh 8 KEW5IEm,
X 8 KW F AR R EYS R, AHEXGE . M,
gL AR D2 KRG RIEFVNE, HR—dEEy
TR BEAEAE 2R BE RS S RS RO N AR BT O T e
AR A SRR, 23kiT 2 EZHEMAM T AHIEH,
SRV EL i TV TE 1 BCRUSLS BEAT TE A A AR A AR
B, FERKHL 2006/142/EC 4541, FUE T 14 FiR [ 5
YR ERRE . FRIE A 2012 ARSI AR S i
S Y, S B AL, SR AR OB R AR
BB LR R B i T R P A L
TR 52 TG e, KSR R 51 R & fE AR S (1
BeE R, Bk, @ R EOTRARNTERR, £
AE BAFACE FA IS 24 g e 1 R B R S

BT, CF 2R AR 7 im0 in T sk T
EYh 2R R . P SR T Ak
Y3 & 4% 28V (polymerase chain reaction, PCR), SZH}
»éJ6E 1 PCR ¥ (quantitative real-time PCR)PA K I/ 545
¥ 3 ¥ R (loop-mediated isothermal amplification,
LAMP)!®); 3 G 28 2% F) il 156 552 28 W% B 125 (enzyme-linked
immunosorbent assay, ELISA) Fll ¢ £ [l ik £ K (Western
blotting)% . ELISA WA — I F PR s Al £ i s
Wk, ATRERZ BN AR B W BRI A i T, IR EsE X
SN IG, HAE B YN T e v 2 ot R 7 AR A8,
N8 56 2o R AR B (PR, S SR 4 SR Ay s 227
A Y PCR 23 i et il S 4 R, 32 305 s
EAYRN ., R K& DNA KFE&RZ w0, R F 4%
JEF TR T E AR R Pl URE o —E W RBR M
Uy g o TR A LA e A0 W . e AU | el S
e, TR IR BTN G RAE LUK GE i ST 4T L
RAEERAERU,

AR SO B R 0 TAE R B EAT T #8240, %)
AP R IX — AR AE £y 3 U 00 8 P R Sy T 1 174 i
TR R DL SRR R SR BRI T 2738 .

2 FRIEFRAR

JF 1 (mass spectrometry, MS)HHEAS JEH i Rk
HLES, AR AN R LY 0 a0 b, s B 3 i 4
H, EATREATER, 18 BB S MG 1 1 15 X 2
8 HET AT L (m/2) R [R) 3R 4 130 B 1 U o B o
FRIEM BRSO i FEARMZ R Z A

AN . A G RFIATEE, e S i b o
Bt Jey BRUSY, i 2 4 F S R A BN, R S A B A R R
(matrix assisted laser desorption/ionization,MALDI)FI It
55 H1, 55 (electrospray ionization, EST)55 4% A I F T2 [ i Al
Z AT, FIREH R AR B I BT 2= 5 TP R Ok B
U,

JoT 8 43 BT s A R D — 0 B I J R 40 A 2H T A
AT LARR A o 5 A 0 LU (A A B IR L s . BB
(ion trap, IT). %L i& B}k (orbitrap) Al B - 8] jig 3£ % (ion
cyclotron resonance, ICR)FTHE /M TEARIE EA1HY m/z 24
BBy BT DM T (quadrupole, Q)JFT it 43 Mr # S fifi 4%
FE U B FER G g TP B TRE, ARG, ¢
17} [E] (time of flight, TOF)Z#fr &% NI 3E T KA 7 B) Sk 4388 .
A BT e A MR BE, IRV . 3 prE
BEL MR R BRI EUS P et
FOEACR RS, B E ke, SHTFEARA
TS, CATI A B R BRI B AT, eih
GEAFERS T SRS UE L& 2R
T4 HT 28R A2 A B R R T AR, A DU AR -
®AFHE] (quadrupole-time of flight, Q-TOF)Bii%{X %, 1
AT - . 3% 813 BF (quadrupole-orbitrap, Q-orbitrap) B %
%5 . MALDI-TOF-TOF Jiii{SCa] LATR] i 5 BRI Jo 15 203
FIRHE R B %08 Uk E A T2 11 BT €, TOF-TOF il K &
AE Al 1 175 5% B4 (collision induced dissociation, CID)FI
AR BEE TR AR AR KR, B T 4R
87T REAZRME, X — AR AE B Wyt B A T SR
E R S i VA

3 BYIEHURE BRI

BV R — M BEE SR 4 IgE, 51 1 BB
RN, HRAEYEBEAY. &, AlMSEnEARE
JRUP2) . B AR O 2 Wt O ARG I, e TR I
HT, EETEATM LR 75 S A K, T
AR VR S GAE A, T L sl G 45 P T A BAG I 25
P LMt BeAh, B A A A sk R Ak
SR A R A AR M AR A £ o ARG D 40
HIBFE HIARTR, BUigse RBFR NES B AR SE e
AWt R (SRR IS CE R R M R ) FiR o i R R
H R IR E WA GEEE A RAHS).

3.1 EMSH

BB UTE TR R SR Y 2 RO vk RS E SR
e ¥:(peptide mass fingerprinting, PMFE)PUHIH % Fr 85 1%
SE ¥ (peptide-fragment fingerprint, PFF)1?)

PMF VE48 B2 FARR R %) 0 T BET o7 o5 A TR PR g 2
FIEG), 8 BTG, RIS Z RS, Skt
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REIRB o> T o BE — 2 MR, 5EUREE &
R FE D) 2 F E A T ISR, K VT B KB i 25 SR A 74T
SYHEN, e T RISE . PMF 3k 3 SARFEF LT
B AR I L R AT R (] BT S (MALDI-TOF-MS) ¥ $ AR
-, KB D C 4 5O G 2 At R AR B — e R R e A,
i MASCOTEPY  SWISS-PROT %, MALDI 2% L B R, %5
PR, BRI SR Y
GNRIR], BEfd o A BB oy F i AR, B PMF 35458
PR R —E R RE . Natale PG GG R AL iEF T
2D HLUKIRIAE A B, ARG o BIAE IO 11 s EA T I I DT,
Z G BRI IR BRI W E1 7 MALDI-TOF-MS W40, 4
15 80 P R ES BB X, B8 A DI BE R
TR TS, Ceglie 2SR FVA W PN 06 25 11 I ALk
X -l A A A T AR, R P R O Al B SR e O P 8
TE(MALDIY PR | R EOAGT T e e FE A&, JF
PR IO 2 B EUR A T 10 . S 2RI R R
MR T 26 P RRIE KB, AT RE R 4 i I b n T4
IR ERFEAMNRICY . A, PMF A BAFTE—E B R BR
PEo BTRERLBOAERE AN, N5 | A R TR A L R kB
TS, KRB LR A — 3%, & S BOE EI & Zu X L)
AT 205 K B 5 B A A DL iy e — 52 e )

PFF 2@ 1E PMF ISR |, BE— B3RO
ZHIRBAG B . TR E RS, R R B —
FIWE, 456 BFE TV, @Al 4B AE 48 A (A1 28 20 i ke Ji i 2%
0 KB PR 7 e B R e i, D IFT A3 1 I s A B 14 114 2
LR U4 BLE 2000 4E, Medzihradszky 25RO 42 1
—Fofr R R S O R e/ P A T I )R A S [ 7 A
B ERBE B (MALDI-TOF-TOF-MS) | T £ Ik ¥ o iZAX
455 T MALDI FH 2 R4 HT i e 28 S0 R v A il 5 15
TR R CID) IR LA E E W RIS . AT
MALDI-TOF {X#%) 72 5 IR AR, RV #2454
23k 10 NIRRT R X 2k 57 %3, 1 MALDI-TOF-TOF
ASCERAE [T 2 1 S S48 i T — UCR A AT AR A SE 8 1) 1y B
Tk, ©HEEE AT 5 7 A 0 22 R TE BRI PN SR
LS F R, SR A BB 1 5T 22 K IR TS A5 A 1 R DT
TC 22 AR ., DATIT A 2 1 RS ol DU AT 0 I 58 o 3
FERATH R BT R A Hr A AR A — e, JE AU Q-TOF-MS L
MALDI-TOF JHi i { F A B 5 A Jo f: B 1 A4 B, mf
DL S 8 1 SORRRAE BRBECY . Monaci ZPH5@ 1 B4
Bl M @R A B %A - K AT B A (liquid
chromatogram-quadrupole-time of flight, LC-Q-TOF)/F /%
X AR T b b A W SRR TR I, T A A R
MR SEPEZ IR, A AL T 7005 0 ok A/ s 36 UE B Arad
R RARIC IR . Stasio 25308 THRIT Wi S5 E A
WAL RGP R KRR E T, SRR SR AR F5

A B T38RI E (R R RS B B e N B 1
TETE AT RR, R - e B G TR 0 2R TR 4 T e 8 e H Yk
(sodium dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGEY¥ M LTI 5 T8 AL 5 7 ¥ 3 B o T AT 0 22
A3E, T R FH VU AR R H 3 0 B B RE SU% 45 2 1 iy F
17 MS/MS J3#r, LHt T — g EE h IR AR 10 4~
F AT AT, RZARFEALER A Hr 4 F1 NCBI(National
Center of Biotechnology Information)%§#s 24 &1 5 8. 4%
R S e 2

PMF AE N BIHE A A MB S E A LR, ¥
BLIE T AR S B T, R, (HORNREE AT
HEEBRGY) . 1 PFF 16 MR X0k 2 Ik Bl 188175 g 2
A R B T — 20 o B, AT DUIRAS B ME M KBS B,
AT RAEABRNEE .

3.2 EENH

AW R R AL = BR, E AR E
PESTHT ] = A U = 38 A 08 TR TR . AR T
RATHEARAEEYRRETHIIRAMDIESEXRETE, &
T 0T 0 28 i B 1 BT AL 2% A 43y A R A2 R 4 % A8 AR
(absolute quantification, AQUA)ZE [ /5 2H %4,

AH X 2 BT 2= R LR AR R AR e ik 8 T
PRGBS AR S AT HA TS R R B bmicik
L R 2 g 3 AFRiCE AR (isotope coded affinity tags,
ICAT)P | [R]{ Z 4 i () 2 11 A iC (isotope coded protein
label, ICPL)’7 | [A] fif % 22 % 45 & 66 &= ¥ Bt id
(isotope-differentiated  binding  energy  shift  tags,
IDBEST)*) [l ZARiCAH X Al 4 % 1 H (isobaric tags for
relative and absolute quantitation, iTRAQ)., HEEHI%FRIC
(tandem mass tags, TMT) | A4 & K Be R 3510 (isobaric
peptide termini labeling, TPTL)% | 4t 5% 444 T e iE A
{i Z#RiC (stable isotope labelling by amino acids in cell
culture, SILAC)*1 JEARic Ge i3l Jy v f 46 HE 45 S 1
Wl (selected reaction monitoring, SRM)$E; AN 22 57 W il
(multiple reaction monitoring, MRM)% . ICATs &4 &1L
PR 2 Tk ke 107 A 0 (Bl PR A IR R AT A2 4), T 5 ARk 2 K Y
P IDE R M B b A 20 BE SN Gk 2R BB VE T 8
HIER AT e IR); ICPL Jy ki TN R 2 LAY 25 1 i
i, WREHSURIVY AR . 5 ICAT HRic iR B2,
ICPL I A AR E H 1R F 28K, DIEBE T 2 8
E T, IDBEST i £ i i 1 b 7 A HAT o i
ORI HLGT, K EST 8¢ MALDI JR AR 5 dghi &
& B 7 1K i % (inductively coupled plasma mass
spectrometry, ICP-MS)AHZ G, Wi — 30 0 2 Ff S M Ao il
P EAMEA o iITRAQ J& B W EDI AL R AL R AR id 2
wHAR, flJEH Applied Biosystems(FL7ERY AB Sciex)
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KW, BRI TRIEX 2K 4 AR, (HA
2007 AELKAT LA T 235 8 AN AREIFERS, SR TMT
FRicxt 2 e =, F7 00 B DU AT - AT IR (Q-TOF) |
BTBEAT) . CAT - KA T 5] (TOF-TOF) 2k = 5 UK AT
(triple quadrupole, QQQ)% it 7 Hr#kt4T MS/MS #¥
o V2 A D vk 0 W]t R A A i BRI A7 15 (high
energy collision dissociation, HCD), JiE4T TMT FRic ke b
f4 B 114 43 IPTL 3l S 2 8 A4 1 43T SILAC
FORAETI W P, pRicEi C s G2k E B, Ml
VI BRAE S ) 25 gl e i i 2 o Ak, X IAR i
ARBRTFRic A BTl 45 LA, AT E AR b2z RO o
Y BUR R E EA I T, AR SIS
g Rz 2 H AR KBS R IR T iR A e
= B R BT, R 4K # 40 #7 (data-dependent  analysis,
DDA) J5 1 2 e A B SR BB X o i >R 85408 2 7 43 A
(data-independent analysis, DIA)BEZCHS, Fiig{H HBLm

BT IR BE RS TR BEA TR Ak, Az 4 H bR KBy R,

T LR FE A B 1 R R TR, 1T A 2 o i 4
Monaci UMK 5 43 BER S A DIA #0454, T [RIE
D05 % o 280 7 o 11 G e T AR S 9 T R A T O )
(5% 25 11 R B ¥ (I T R O 11 2 1) SR 1, e 0 1 i
v AT B A AR L RRER AR U BR y 0.4~1.1pg/mL. T
IEAER MS (U kS, BT DIA SRR, XA
ME W R B T AT R E S A R AR
(sequential windowed acquisition of all theoretical
fragmentation spectra, SWATH)! "l Sl i 32 Wil . 242K 14
B KB M, AT AR FH 16 5 S0z s I (SRM) AR HEA 5
BRI B BT AT, X AR R A A - R SR R R
st P HER M 5 R T DU DA, DR H v SRR AR S
A S B UTE B B bR o T 22 SO I (MRM)
Tk, BT SRM R KJEMSERY, J&—FiRE T Mk
SER RN B TR R, A H AT B BUSAE 5oR 4R,
SR8 B e B AT RS S, BB AL T T
AT, XL R S 7 1 1 AT BB S SRR A, O
T ERE B GE T B T RIS S B AR B AR . —
JBE T K UARAT B A SR AT 2 5 B B AN T
e/ 22 P I (SRM/MRM) o & 19 8 25 40 e T3
T HE M H AT BOR 0 R U AR e, REETES
Z¢ B R b R X LR B B bR R AT ORE T E
Martinez-esteso 45 " % H A RO WO @ %
(reversed-phase high-performance liquid chromatography,
RP-HPLC) X} /INAz Tl ffi 2 (1 HEA T B0 46 43 8, FF S 17— il
LT SN 1 0 (SR BV AH €00 335 - St 1% / o 35 6 FH 5 125,
IR 2 R o 5 28 5 A B /N i v B AR MR
MEREL, VFZ WAL 5 i 8 B 7 1 8 1 S 4
Bt PR R M A R S B IR, FEMEH] SRM

iF, RIOVIERE M. L, AR — A K LA
EEY P E AR ERRE: . Pilolli 2PN T —Fh AR
T ) 75 A B RUSE HERH (8335 4 (size exclusion column, SEC)
PRI R S AL FRAR Y, IR T 24 iE i R4,
TER T R0 K B BT AR, A SRM 43 Hrik e 4218
YIRS TS A R R RIAE A e U
TELR [E A ZE B (solid phase extraction, SPE)A{# FH, 1537E
RGeS ARG B 2Z i, Se s SRR aliAl TR AR AkE, A
) SRM Rl 424t T OR%, I AE PR EE G B2 1 TR [H])
B4 e T R

Y X A LA A R R T 2003 AFEERH, T
VA2 Rl AR B ik i — A e, (R T & idnid
WRAE R bR B e BRI BRI AL, KB M 58 K
RREZ . AP 3EBC—A~ H br BRAE 8 28 5T 2 b pmad, DA
b2 B 1 [) A7 28 b 10 BRAE Dy 9 b S S5 AR 1 1% 48 X
R P 207 E T B NAR 1R /DN R A 1 S5
B, AN X KR HIR %A 52 B . Houston 2PN
[i] it A=l e B TR R o A B AR 1 i R A T T AR
SR A 8 1 B B S 1 S% e 2 1 BT b )5 ) 2 AR
PEATARX E g, BT 10 ARG IR E ), B
VAR AR IC 09 G B2 IR AR 9 2 S iy il vk, %k e
8 FhREHRE [T 74X ER., 4REMH, 250
SR 20 AR T LA R B B A — 3

ANTR ) 2 i 2 1 2 2 A R R T, (AR AN TR Mo
S H R A TS DASEEE, R R T B B e
TR, X i U A A IR AL TR SRR

4 HEEERE

JE B A N TR oy 52 24 S o rp ARG DN e s 1 R
TR AN R PR = TSR~ 2 Ik M PCR L, T3
PRFRBI A T IR A5 S5 N, PR 2 F 5280
AR FOEEOR AT, i) T Y U
BB o HRTE ) 3 B ST A 00 7y 1,
SRAERY T 1] SR s T R AT AL B, LA R i B
GUCE 2 AR & S TS S e U (2 3 S NS B =95
GRS SCBUREAN AT B A MEAL . PRSI B Sl
K S e Wi B ARSI RIS S 3t O 0 i S Fs
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