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Abstract: Mass spectrometry imaging (MSI) is a powerful molecular imaging technique that enables the visualization of the
spatial distribution of a wide range of molecules in food. However, certain key components within food matrices are difficult to
detect directly owing to their low abundance, poor ionization efficiency, or chemical instability. On-tissue chemical derivatization
(OTCD) techniques have emerged as a critical strategy to enhance the analytical performance of MSI. By introducing specific
functional groups in situ, OTCD significantly improves the ionization efficiency, detection sensitivity, and stability of target
molecules. This review provides a systematic overview of OTCD techniques for MSI, focusing on the derivatization reaction
mechanisms for various functional groups (such as amines, carboxylic acids, and carbonyl compounds), derivatization methods
(such as, spray-based methods, microdroplet deposition, and carrier-mediated delivery), and recent advances in mapping functional
component distributions in food, monitoring drug metabolism, and imaging harmful substances. Finally, the future development
directions of these techniques within the food sector are discussed, highlighting potential applications in the design and development
of novel derivatization reagents, artificial intelligence-assisted reaction optimization, and multi-target parallel derivatization analysis.
Overall, this review provides valuable insights and methodologies to advance the quality and capabilities of MSI through OTCD.
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Fig.1 Schematic diagram of on-tissue chemical derivatization for mass spectrometry imaging
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N (ﬁgé)% Mo, Ry, ®E
(ig) {2-2.5-diox0-2.5- AR G REIME A A B  MALDI-MSI @ Bibts, CRAFMARA  [47)]
di ’ > Ry R SR ARG AR B TR T 34
ihydro-1H-pyrrol-1-yl) 0.05n
ethyl)-2,4,5- oo ng
triphenylpyridinium
(MTPP)
2-acetylpyridine (2-AP) KR %, FIMKRA Smin, KF o0 o
2, 3-acetylpyridine( 3-AP ) S E B8R C=C #= 2-AP/3-AP nano-DESi e C=C =B FMR%ET  [50,51,64]
# 4T Paterno-Biichi (P-B) Z 8] 4 n R B, T A 22 3R B fbbdh
C=C 34 MTO/UHP/HFIP K% MALDI TOF/ M A ZALRG R C=C MK [52]
(C=C) TOF MS
BEEAITANT %, [d)/[d,]-IPy2BF4 F4 C=C Rt R 58R
[d0])/[d10]-Bis (pyridine) w#&4F 451N, ik 5 uL-min ', LACFL-MSI B3N ER, FIARMEER [65]
iodine tetrafluoroboride & /&4 2.7kV. MEARSE ¥ o4 BARE A AT AT,

B 5T AR A KA AT AR

REBBETEH
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2 BUERETRERAUFITENR N
2.1 EFREATEMN

HE W AT AE A MALDI-MSI 5 B R4k
738, K AT AR AR R T R I R, B
FIE R SR A Y R . EXAEFREF,
A5 A 2R A 1) B bR B i % AR A0 22 OB
AERE 5 T B AR A, [R5 e AR
R A TGS SIS, (Lt o ¥ 78 o7 vt A I ik
ERMET. BMESH (i, RE. WiEE
) T ULRERT AR R BN S B &
YA Py 2w B0, DT B v 20 AT 5 SR 1) 2 TR )
FREINE
22 BmfTHEN

REAT R HLY) RS AT AL
WA, ERTAWRF S H LN 1 H bR i
oI R A N . RS, AR
FRE Y HE N RS, X B it AT B A,
AR EA T A SR I RE AT AE . BB R, (H
HAY) AR BRI Re 2 KA TEE LA, 5l
FYHL SRS AS T A R R AR P
23 AR

5 R A BRI 5 36 B, K AT AR AL DAY
K2 A HEDTURRAE R e XY . 1% 07 vk A e
28] PR AR HEVE, REREXT & S DD A RN X 3k
HEBANMM. SO0 Pk S AT B RT AR, 3
JERT B i 2 0 R R A BSCTONE 45 R 1R AT RS A 2 AT 1Y
Tk, EA R S LA RL S T BT RE 1 R 2 AR X I
FIRE ) o B TR0 AR AN, AT AR H & 2D,
ALK T SRBEAS, IR JD 1 X & AR 2252
M FF PRS0 95 G4 o S DR AT LS a5 B R AH 45
G, SEE S ATl AT A AL, JE I e
SR ST g A W A s PR B i L L b = T 2
A Xk ORI R RO T A4 H S5, TR I TE A
FAPIRRIE FE R T 52 B HORG B R T TK 77 LA IR 53 [A]
FOCUE . WD Mg, 5 EUEGRE M ARE AT
AP EHIRZE, AT A ROR I — S A AR
24 A AEAT A

SHfTAEARBHAD B TFERRAEST, @
I NS PIRTAENRR], A HASHRS T 54N
T E AR AT R A S RN . RS AT AT R
R Y BB E R HA AT, St iriiE

WL, A R 5B TR A . S
FHAT A ACRE G 140 R & S AT AE AR, kb T
X RY] R IR AR S SR, AR T IRRFAHZS
PSR G 25 M RN SE e VR, AT 18 /5 o i R AR 1) 2 1) 43
B Cao L H T B2 {23 OTCD %, f#fT
AR AN ] P 5 AT, ARSI OTCD J5v2:
FHEG, 1 SRBE AT A H MR R SR AR SR B = 12 50%
SAMATAEART SEIS R & AR R B A, RELRTIN
B N AR A A S AR R G, BN TSI A R
EMERE, HASAT AW KRR, vl Rea Xt
SIS N B ROE RE T, SRR B i R
X AE SRS AR E B i), SARATAE AL AT R
AEA

2.5 #Hk#Ex

KBRS @A VHESE (MOFs) %54 Rl 3
FTAEMWRAFIEATATA, WAL BEN. &EANUE
Rk ZIF-8 AL PHRATR S, S 3RAT A AR I BE
PGB Y KB A Bh AT A2 K (Hydrogel-
Assisted Derivatization) & —FM#H ) OTCD KK, 8
I LA = A X 2% 435 g 0 K BB SRR i A AR AR )
B R BT &, AT AR AR e KR, 8
WK E KB E MR A S A B AR o, 5k
LR AN R BIATAE AR sy P23
3 HAFEMTEMNREEREHGTEIRDN
i 5% &

OTCD KAEMHALAY) R, SR HFENTE
FHEE, OTCD ¥ 77 & & FEAK 1 SR 43 1A Rl
R e TATAEAR RN I A, AT AR R AR R
Ko BEAL, IBAFERTAE BRI EiE T4, ok B mE
VR RN AE I RSP 5 SR A0 BT A A () IR D
J 3] R K IR R 1] 1 AE TG 5 Ok AR 1
VRN (i, fi B A R EAT AN, K
I, I8 LR R R I AR B RS R T AL 1Y
e R, AT R AT AR A R AT 7 2H 23 2 T 1 e v 2K
RUBRA R, FFARHT ) OTCD 5 ik3AE b 4T . FRARTY
LN, OTCD [N AJfE % i 5 A FadiAT, o dish s
gz, HIx B fE. OTCD KH H 3w % 7
FORAT AR AR B S Wl T AR D) 3R i, Bl S
e RE A B T 5 00 sl = T = 0 0 W A v e )
B BB A R 24 X OTCD FoAR B F T
mE Bk . SR 2 S TR S R A ]
Re TIATAEMNW RN, REEDIREE Ry (iR i
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AL BUE Y (R AR SERK, W
OTCD J= J¥ A] B TovZik B & W% HIAT AR A = 26, ke
M RGE . BT IR L H AR, A7 75 78 A7 A2 77
T35 T TR BT 5 .
3.1 FAATAMRAT L

B S AT AR AN BT R A R A T R
FATHEACGTFE I 3E— DA 2 S 5 2 T AT AR B R
MSI J7 V2 B 50 R BRI 75 ) o 10T B0 it B S K 2
Fettk, JFARERESRATAEMRF I N E R, TFk
R BRI 2R gm i AT A2 4R 7]l Dy/Ds- FPHEBE S
N R TR TR . B R R AL R AR IR
o3 AR EL G B AN SIS LA i, P R & S T
o, B 2K S RS HE BT . Han S5 &
T MEAL R gL OTCD J5i%, 4540 3 I 4 Bhiso'
fE T/ F B R 4% (MALDI-MSD),  PLBC X A5 ic 19
TMPA 1 D;-TMPA AL, 2z 1 45720 23 s g
JU5 PR 25 TE) ik i . TELH AT AR AR, A g I TR
) MALDI-MSI BUSPE R E N, XG4 IR
TR KR, O, BEE MR RS L
BT BRAE 5 4% & T R T AL SO AT R . AR,
31 N Dy-TMPA Fric 1) 5 5% i 7 B8 F 9 P b, AT DL
2 ek /b o B 0N I E R 2, R OR R I D TR T
JE B MALDI-MSI. A3k, JF& 253 & i Er
FTA AR, K A2 TR B i B 2 R 5 MST 43 7 L 391
()BT 1]
32 AT S

i U LSRR E sy Cana HLER . AL R
HEKMES s s, BRE4EAE R r3E,
R — TR A A LSS A . 2 AT
A Ak SRS IR SR N A 2 21 43 TR D UG R4S T AT RE
Kaya Z5F R T —Fh AL UL 24074 MALDI B % (%
Jiik, HTRASY A R E MR AT L. 7EIX
Pk, AMPP [ 1-(4-(Aminomethyl) Phenyl)Pyridin-
1-Ium Chloride ] fiTAAIAFIH T EHRIE G KA
BN Al GRS A R B9 F B34 s e
Fric. Guo'™ N FH 7 #ifi T A3 4 P k7347 AT
OTCD, AR EN AN (19.969+0.020 Da) HIHFE
B, T AT PR R, SEE T R R Bk
AR, ORI TR, KAE R i A
(AT AL RN RAE o 3K — SR AT N FH T 63 o v Ui 25 0
B BEEREXRRTARY R . EIEER . = FRIRTE AU
YIS B2 A I R0 UG i, b B 2k &
T 2 R RE RS B A A R B b AR S H¥
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R MSI ] B[] I 3R 45 K & i AR BT f
()40 AT AR IS, ABAL S I 25 A B U7 V2 0 VR R X A8 A5
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TER R R A, TFk, NLEGECEUEH
CIRYE R € NS Ri1E 2 TN = 4 i i =P S W G RO A7 I
AR 32, AL R 4 2 MST T
SEREE, BRI A RAMEANEE, NS
i 2H 2E BF 7T B A . Larson 25V F N L2 fig
% Bl Metaspace N2 2347 A (1) MST 04 32 44t 7 4% 10
B, IR T —MERE G I, R
WA, S5 G L ST 5 77 A A il i A 22 0
W, AT LT A AR B R 5%~25% WIS RATAE AL
TERE, XL 77 B 5T R Dy MST T IEAEA [F] 8 i
FE AR TR i I B R . E R IX R R Rk
R MSL 73 #frHh, B % F AT AR A P e A 5l e
AN [EAT A AT 0 B B P= P ik = b AL VRS, MEDLIX
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H T A TT R R g LB E AT A R
T, AR IE A i SR B AR A A I R BB VT AT
AT TT 58, HERRAR AN AE AT % AT A4k I B
Y, CABETH B 5 o 1 AR A 1 S ek R AT 2

4 Z5iE

JiE BRAR BOR S & LML 22 AT A A g,
HER > T IR AL A AT A S A5 S 45, KB T XK T
B BRI SRBUE. AR
N AR SR O T R KRR AL M TR %R
WERTE T MSII R E, fiff ik 715805 508 1]
Iy FERAG I RGUE LR RIR . AR AT BRI
I —LeHE, IR A% L5 OTCD KT LR F
%2 JRLECE AT T BN 2R, KRR SAE —
SERERE B T HAE R i E 2k R I 2 N . B
R B L B AE AT AR RRDT R . B AT A
r & AN R B AL H AR (1 R85 i #,  OTCD-
MSI AR BAGFE B S22 4. T 2R B IR 55
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