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Abstract: Based on cross-linked chitosan ( CS )-
salicylaldehyde ( SA )-Eu ( I ), a dual fluorescent
hydrogel, designated as Eu-SA-CS, was successfully
fabricated. The Eu-SA-CS hydrogel exhibited a green
fluorescence around 500 nm, whereas a red fluorescence
around 600 nm was observed upon exposure to volatile
amines such as triethylamine ( TEA). There was a good
linear relationship between the fluorescence intensity ratio
and TEA volume concentration (0—40 pl./L). Furthermore,
the hydrogel could be used to indicate the meat freshness by
a change in fluorescence color from green (fresh) to red
(spoiled). These results revealed that the present Eu-SA-CS
hydrogel could serve as a smart green-red fluorescent signal
label for real-time monitoring of meat freshness.

Keywords : dual fluorescent hydrogel ; volatile amine detection;
meat freshness

CLC number: 0652; Q811.4

Article ID . 1672-5220(2026) 03-0057-07

Document code: A

Open Science Identity
(OSID)

0 Introduction

To meet the increasing requirement for food safety
and freshness, the quality evaluation of meat products has
become particularly important because meat ( fish,
shrimp , pork, etc. ) is the main protein source for human
beings. Generally, and biogenic
(‘ammonia, methylamine, histamine, etc. ) produced
from protein degradation are considered key indicators of
food quality' ™.
detection methods for on-site and real-time monitoring of
volatile amines is crucial to evaluate the meat spoilage.

volatile amines

In this regard, the development of
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Traditional analytical methods require expensive instruments
operational  complexity .
Fluorescence sensing is a sensitive and visual detection
technique and has attracted much attention in amine
detection and food safety control due to its simplicity ™.
However, most fluorescent sensors reported for volatile

amine detection worked in solution, and inconvenient to

and involve inherent

monitor the volatile amines and food freshness in
1%15] " Fluorescent hydrogel is a promising polymer
material with a three-dimensional network structure and
has demonstrated great potential for portable and wearable
sensors' "', Additionally, the development of dual
fluorescent hydrogels is more promising because dual-
wavelength emissions can be directly used for ratiometric
fluorescent sensors. The ratiometric mode would enhance

situ’

the detection accuracy by avoiding the signal fluctuations
of the instrument through the self-calibration of two
distinct signals. But only a few ratiometric fluorescent
hydrogels for volatile amine detection were reported "' .
In this study, based on biocompatible chitosan (CS)
(IT) and
salicylaldehyde ( SA ) fluorescence centers, a dual
fluorescent hydrogel, designated as Eu-SA-CS, was
successfully fabricated for meat freshness monitoring.
The present Eu-SA-CS hydrogel was facilely fabricated
by crosslinking via glutaraldehyde and showed amine-
green-red  dual ( Fig.1).
Triethylamine ( TEA ), a typical volatile amine, was
used as a model analyte to verify the sensing

polymer matrix, combined with Eu

sensitive fluorescence

performance. Relying on the silimar amine-responsive
behavior, it can serve as an intelligent fluorescent label
for monitoring meat freshness, where the green
fluorescence distinctly turned red with meat spoilage.
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Fig. 1 Fabrication process of Eu-SA-CS hydrogel and possible response mechanism to volatile amines

1 Materials and Methods

1.1 Materials and characterizations

CS ( degree of deacetylation > 90% ), SA,
ammonia ( NH, - H,O, mass fraction of 25%),
hydrazine (N,H,, mass fraction of 85% ) and aniline
were purchased from Sinopharm Chemical Reagent
Co., Ltd., China. Dimethylamine ( (CH,),NH) and
TEA were purchased from Aladdin Reagent
( Shanghai) Co., Ltd., China. Eu(NO,), - 6H,0
was purchased from Sigma Aldrich Shanghai Trading
Co., Ltd., China. Other common reagents were
obtained from commercial suppliers. All the reagents
were used without further purification.

The Fourier transform infrared ( FTIR) spectra of
hydrogels were recorded on an FTIR instrument
( PerkinElmer Spectrum Two, PerkinElmer, Inc.,
USA ). The fluorescence spectra of hydrogels were
recorded on a spectrophotometer ( Shimadzu RF-6000,
Shimadzu Corporation, Japan).

1.2 Preparation of fluorescent hydrogels

CS (0.30 g) was dissolved in 10 mL aqueous
glacial acetic acid (a volume ratio of 1% ) and stirred at
30 C for 2 h to get a homogeneous solution. An aqueous
solution of Eu(NO, ), + 6H,0 (0.19 g in 1 mL H,0)
was then added to the above CS solution and stirred for
30 min. Subsequently, the SA solution (83 wL in 1 mL
ethanol ) was added under stirring for 30 min, and
aqueous glutaraldehyde solution (a volume ratio of 1%,
2 mL) was added and kept stirring for another 5 min to
improve the crosslinking of the hydrogel. The obtained

fresh hydrogel was left to stand for 24 h, and transferred
into a freezer incubation at —18 C for 12 h. The Eu-SA-
CS hydrogel was finally obtained by a controlled thawing
process at an ambient temperature for 1 h. Other
hydrogels were similarly prepared without Eu ( I )
(denoted as SA-CS) , without SA ( denoted as Eu-CS) ,
or without both Eu (I ) and SA (denoted as CS). All
hydrogels were preserved under refrigerated conditions at
4 C for further experimental investigations.
1.3 Application of Eu-SA-CS hydrogel in monitoring
of meat freshness

Fresh meat samples ( shrimp, fish, and pork) were
purchased from a local supermarket. The meat sample
and Eu-SA-CS hydrogel were co-encapsulated within a
25 mm X 10 mm transparent chamber for a certain time at
various temperatures of 25, 15, 4, and — 18 C,
respectively. Fluorescent hydrogels were photographed at
regular intervals to record color changes and thereby
monitor the meat freshness.

2 Results and Discussion

2.1 Structural characterization of fluorescent hydrogels

Figure 2 shows the FTIR spectra of Eu-SA-CS, SA-
CS and CS. Both Eu-SA-CS and SA-CS exhibit the
characteristic peaks of CS. For SA-CS, a distinct band at
1632 cm™ is observed, corresponding to the C =N
vibration characteristic of imines'"”’. This indicates the
formation of imine bonds between SA and CS in the
hydrogel network. For Eu-SA-CS, the absorption band of
C =N shifts to 1 622 cm™', suggesting C =N is involved
in the coordination with Eu®*.
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Fig.2 FTIR spectra of Eu-SA-CS, SA-CS and CS

2.2 Luminescent properties of fluorescent hydrogels

Figure 3 shows the fluorescence spectra of CS,
SA-CS, Eu-CS and Eu-SA-CS, where the excitation
wavelength A, is 390 nm, and the insets are
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corresponding fluorescence photographs obtained under a
365 nm lamp. Single blue emission at 475 nm and green
emission around 500 nm are observed from CS and
SA-CS, respectively. Besides short-wavelength emission
around 480 nm, a series of emissions around 580 —
700 nm with the strongest peak of 615 nm is observed
from Eu-CS and Eu-SA-CS. The long-wavelength
emissions from Eu-CS and Eu-SA-CS could be ascribed
to characteristic peaks of Eu® at 590 nm (°D,—'F,),
615 nm (°D, —'F,), and 693 nm (°D,—F,)"".
Interestingly, with exposure to TEA, the fluorescence of
Eu-SA-CS  dramatically turns red from  green
(Fig. 3(d) and inset), where the emissions from Eu®
are sharply enhanced. However, other hydrogels do not
undergo an obvious fluorescence color change and almost
remain at the original emission upon exposure to TEA
(Figs. 3(a)—(c) and insets). This indicates that Eu-
SA-CS can be used as a dual fluorescent sensor for amine
detection.
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Fig. 3 Fluorescence emission spectra of hydrogels in the absence and presence of TEA: (a) CS; (b) SA-CS; (c¢) Eu-CS; (d) Eu-SA-CS

2.3 Fluorescence responses toward volatile amine
The dual fluorescence response of Eu-SA-CS toward
various volatile amines was investigated. The results are
shown in Fig.4. It can be seen that both TEA and
(CH,),NH strongly enhance the red fluorescence emission
of Eu™. The fluorescence intensity ratios 1,,./1,,, are about
27 and 16, respectively (Fig.4(b)), where [, and I,
denote the fluorescence intensities of Eu* (red emission)
and SA (green emission). Other amines such as N,H,,

aniline, and NH, - H,O induce a slight increase in the
1,51, ratio. Such fluorescence enhancement could be
attributed to the deprotonation of SA induced by basic
volatile amines, followed by enhanced ET between the SA
anion and Eu®*, which greatly enhances the fluorescence
emission of Eu”"*". The response mechanism has been
illustrated in Fig. 1. Based on the enhancement effect of
the 1,,./1,, ratio, TEA was selected as a model volatile

amine for further study in this work.
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Fig. 4  Fluorescence changes of Eu-SA-CS upon exposure to various volatile amines;
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The response time was firstly investigated by
fluorescence spectra of Eu-SA-CS with exposure to TEA
vapor at different time. As shown in Fig.5 (a),
fluorescence emission of Eu-SA-CS at 615 nm sharply
increases with increasing exposure time and levels off
after 60 min. The I ./l ratio also reflects a similar

615
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meanwhile, the fluorescence color gradually turns red from
the original green ( Fig.5(d)). For comparison, the
fluorescence change of Eu-SA-CS was also investigated
upon exposure to H,O vapor. It can be noted that the
fluorescence spectra, I,/I,, ratio, and color remain
almost unchanged in H,O vapor (Figs. 5(b)—(d)).
Therefore, the response time was selected to be 60 min.
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The fluorescence spectra of Eu-SA-CS hydrogels
were recorded at various TEA vapor volume
concentrations (0-50.0 wL/L), where A, = 390 nm
and the exposure time is 60 min. As shown in Fig. 6, the
fluorescence intensity at 615 nm increases with increasing
TEA vapor volume concentration, and the [,./1,,, ratio

linearly increases in 0 — 40.0 pL/L TEA vapor
( coefficient of determination R* = 0.990 05 ). This
revealed that Eu-SA-CS could be used as a ratiometric
fluorescent sensor for volatile amine, and a smart
fluorescent label for monitoring meat freshness.
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Fig. 6 Fluorescence response characters of Eu-SA-CS upon exposure to various volume concentrations of TEA vapor: (a) fluorescence
spectra; (b) corresponding linear correlation between I;5/1,q, and TEA volume concentration

2.4 Application in monitoring meat freshness

During the process of meat  spoilage,
microorganisms decompose free amino acids into amines
such as histamine, dimethylamine, and trimethylamine.
The distinct fluorescence color change of Eu-SA-CS
toward volatile amines makes it a potential smart
fluorescent label for monitoring meat freshness. To detect
the meat freshness, the meat samples were stored in a
sealed container with the hydrogel together at a controlled

Fresh Low quality

temperature and time'*’. As shown in Fig. 7, at 25 C,
the original green fluorescence of the Eu-SA-CS decreases
and red fluorescence increases with increasing exposure
time, with the fluorescence photographs taken under a
365 nm lamp. The distinct red fluorescence is observed
after 18, 24, and 72 h for fish, shrimp, and pork
samples, respectively. This indicated that these meat
samples spoiled during storage.
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Fig. 7 Fluorescence changes of Eu-SA-CS in monitoring freshness of meat samples at 25 C

To examine the effect of storage temperature on food
freshness, the shrimp sample was further investigated at
various temperatures ranging from 15 to —18 C. As
shown in Fig. 8, the fluorescence color of Eu-SA-CS
changes with prolonged storage time and lower
temperature, with the fluorescence photographs taken

under a 365 nm lamp. For example, the shrimp spoils
after 48 h at 15 C and is of low quality after 72 h at
4 C, whereas it remains fresh even after 72 h at —18 C.
These results demonstrated that Eu-SA-CS could serve as
a smart fluorescent label for meat freshness monitoring
via fluorescence color changes.
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Fig. 8 Fluorescence changes of Eu-SA-CS in monitoring freshness of shrimp samples at different temperatures

3 Conclusions

In conclusion, a novel CS-based dual fluorescent
hydrogel ( Eu-SA-CS ) was facilely fabricated by
incorporating Eu”* and SA luminescent centers and cross-
linking with glutaraldehyde. Eu-SA-CS exhibited a
distinct fluorescence color change from green to red with
exposing to volatile amines such as TEA. A good linear
relationship was obtained between the fluorescence
intensity ratio /,,/1,,, and TEA volume concentration (0—
40.0 pL/L). Furthermore, Eu-SA-CS was successfully
used to monitor the meat freshness during storage by a
change in fluorescence color from green ( fresh) to red
(‘spoiled) .
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