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Abstract

This study focuses on the mechanism of fluorescent probes (BM, BHM, and BTH) for detecting meat
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freshness. Through the calculation of dual descriptor potentials, it is revealed that the aldehyde
groups and 1,3-indanedione moieties on the benzene rings of these probes are prone to undergo
electrophilic reactions with the NHz groups in cadaverine (Cad), a key marker of meat spoilage. BM
and BHM, each containing a single reactive group (aldehyde or 1,3-indanedione), react with Cad to
form the chain-like product BMP. In contrast, BTH, with both aldehyde and 1,3-indanedione groups,
reacts with the NHz groups at both ends of Cad to generate the cyclic product BTHP, exhibiting a
lower detection limit for Cad. Regarding the electron transfer characteristics in the excited state,
due to the electron-withdrawing effect of the 1,3-indanedione group, BHM and BTH show charge-
transfer excitation before the reaction, with a fluorescence wavelength of around 760 nm. After re-
acting with Cad, they switch to local excitation, and the fluorescence wavelength shortens to approx-
imately 450 nm, accompanied by a distinct color change from red/orange to blue. However, BM,
without a strong electron-withdrawing group, shows local excitation both before and after the re-
action with Cad, resulting in an insignificant change in fluorescence wavelength (from 489 nm to
473 nm) and color. The calculation of the electronic state density indicates that the introduction of
the 1,3-indanedione group alters the contribution of orbitals in the probes. Considering the detec-
tion limit of Cad and the degree of fluorescence (color) change, BTH is identified as the most suitable
candidate fluorescent probe for detecting meat freshness, providing a theoretical basis for the de-
sign of efficient fluorescent probes for meat freshness detection.
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Figure 1. Dual descriptor potentials of fluorescent probes (a) BM, (b) BHM, (¢) BTH (Green and orange indicate nucleophilic
and electrophilic reaction sites, respectively)
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Figure 2. Dual descriptor potential of cadaverine (Cad) (Green indicates nucleophilic nucleophilic reaction sites)
2. PR Cad IRUEIRFFH (R B RTFERRNAR)

| UB\;
& L 2
4 @ ¢
[+

Pg
BHM © ¢
P

Figure 3. Structures of fluorescent probes BM and BHM, and their reaction product BMP with cadaverine (In the figure, the
red circle in BM indicates the aldehyde group, and the red circle in BHM indicates the 1,3-indanedione moiety)
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Figure 4. Structure of fluorescent probe BTH and its reaction product BTHP with cadaverine (In the figure, the red circles
indicate the aldehyde group and 1,3-indanedione moiety)
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Figure 5. Electron transfer characteristics of fluorescent probes during the excitation process from the ground state to the first
excited state (a) BM, (b) BHM, (c) BTH (Orange indicates holes: electrons are excited from this position; Green indicates
electrons: electrons are excited to this position)
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Figure 6. Electron transfer characteristics of products BMP and BTHP during the excitation process from the ground state to
the first excited state (a) BMP, (b) BTHP (Orange indicates holes: electrons are excited from this position; Green indicates
electrons: electrons are excited to this position)

6. =49 BMP #1 BTHP R ESEIFE—HLSH A T ZP B FEBYFIE () BMP; (b) BTHP (lBfaRR=N: BT
AN BEHEL; FERRET: BFHHAEILA)

XTPREF I T2 BETH S (] 7 FoR) R, 7E R AR BM B8, Hosm A H0E (HOMO) I
FARAE 4R HLIE (LUMO) 8] (175 98 /2 2.50 eV lHh Total $5i% % 14 DOS Hi£E(TDOS), 1. 11, 11 (& 7(b)-
K 7(c) )48 4> T-JE 1 5 35 DOS #i£k(PDOS). M BM #4111 PDOS K a] LLE H 2y TS5 # 2%
T A3 (P 7 () H 20 €2 [52]  30) AN  0 3 2 (PE1 7 () b € L6819 ) %o e v o5 F L3 (HOMIO) R 5 —
SER TR, AR S HUE (LUMO) U 3= 2k | 2K 0Tk 170 44K %401 BHM A BTH H 5] AW L1
AEJTREHRIN 1,3- 1 BRI 5, 28R 3 (K 7(b) B 7(c)H 4 6 [ Pl 355 50) AN X HOMO 5 LUMO
Aotk ﬁﬁ HOMO 5 LUMO = Z4 b T2y (14 7(b) Kl 7(c)H a4 ¢ [ Bl 43) A 1 3-%1&5*%%!%%
(& 7(b)s B 7(c)r s R BB EE4),  [FIR 35 dR i 4 SUE (HOMO) AR AIGEE o 45 9L (LUMO) 8] 1) e
AHRHRES 731 BM 55 7 FEAIK 4 2.03 eV 1 2.23 eV

—Total

——Total
—Total —I -
—1 —I i
— 11 =
»n o
J e 4
g .. 8 @
2,23 eV
250 eV 203eV
A T 3 T m v b
Energy (eV) Energy(eV) Energy(eV)
(a) (b) (©

Figure 7. Electronic state density of fluorescent probes (a) BM; (b) BHM; (c) BTH
7. RHRETRIRFSEE () BM; (b) BHM; (c) BTH
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