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A B S T R A C T   

A molecularly imprinted polymer (MIP) based microfiber differential demodulation sensing system for sodium 
benzoate (SB) concentration detection is proposed. The specific binding of MIP on the surface of microfibers with 
SB can lead to changes in local refractive index (RI). RI change induces a drift in the interference wavelength, 
which can be monitored by the power difference between two fiber Bragg gratings (FBGs). The sensing system 
can detect SB in the concentration range of 0.1–50 μg/ml, and interference wavelength and FBG power difference 
sensitivities are 0.55 nm/(μg/ml) and 2.64 dB/(μg/ml) in the low concentration range of 0.1–1 μg/ml, respec-
tively, with a limit of detection (LOD) of 0.1 μg/ml. This microfiber differential demodulation sensing system is 
not only simple to fabricate, but also simplifies the demodulation equipment to reduce the cost, which providing 
a simple, reliable and low-cost technique for the quantitative detection of SB concentration in beverages and 
flavoured foods.   

1. Introduction 

With the changes in modern lifestyles, the food industry is increas-
ingly using a variety of additives to improve food quality, color, aroma, 
taste and to extend the storage time of food products. (Bruna, Thais, & 
Lígia, 2018). Among these additives, preservatives are the most critical, 
which prolong food shelf life and inhibit spoilage (Zengin, Yuzbasioglu, 
Unal, Yilmaz, & Aksoy, 2011). As a preservative in a wide range of food 
products, sodium benzoate (SB) is classified by the US Food and Drug 
Administration (FDA) as a “Generally Recognised as Safe”, which com-
pound with a maximum permitted level of 0.1% in food (Lennerz et al., 
2015). The Joint FAO/WHO Expert Committee on Food Additives 
(JECFA) has determined the Acceptable Daily Intake (ADI) for SB to be 
0-5 mg per kilogram of body weight (Shahmohammadi, Javadi, & 
Nassiri-Asl, 2016; Zengin et al., 2011). Normal intake of SB in general 
population is not harmful to our body. However, excessive intake of SB 
has been linked to chromosomal abnormalities, non-immunization 
(pseudoallergy) in sensitized patients (Piper & Piper, 2017), DNA 
damage and increased micronucleus formation (Saatci et al., 2016), and 

hyperactivity (McCann et al., 2007). Moreover, SB may interact with 
other substances in some foods to produce harmful substances. For 
example, in some beverages, sodium benzoate may undergo a catalytic 
reaction with the free radicals of ascorbic acid, producing the carcino-
genic substance benzene (Jacob, Hill, Lucero, & Nedorost, 2016; Piper, 
2018). Therefore, the development of a sensitive, selective, simple and 
effective method for the determination of SB concentration in daily food 
is of great importance to human health. 

Based on previous studies, several analytical techniques have been 
used to determine the concentration of SB. Fluorescence polarization 
immunoassay (FPIA) is used to determine SB in spiked samples (Ren 
et al., 2014). High performance liquid chromatography (HPLC) is used 
to determine SB in commercial lemonade and lemon butter samples 
(Dinc Zor, Asci, Aksu Donmez, & Yildirim Kucukkaraca, 2016) The SB 
preservative content of ibuprofen oral solution is detected by dispersive 
liquid-liquid microextraction (DLLME) coupled with surface enhanced 
Raman scattering (SERS) (Xue et al., 2020). Microfluidic colourimetric 
analysis (MCA) systems have been proposed for the determination of SB 
concentrations in common foods and beverages (Ko et al., 2021). 

* Corresponding authors at: School of Physics and Electronic Engineering, Shanxi University, Taiyuan 030006, China. 
E-mail addresses: sundd@sxu.edu.cn (D. Sun), mj@sxu.edu.cn (J. Ma).  

Contents lists available at ScienceDirect 

Food Chemistry 

journal homepage: www.elsevier.com/locate/foodchem 

https://doi.org/10.1016/j.foodchem.2024.139773 
Received 20 January 2024; Received in revised form 29 April 2024; Accepted 19 May 2024   

mailto:sundd@sxu.edu.cn
mailto:mj@sxu.edu.cn
www.sciencedirect.com/science/journal/03088146
https://www.elsevier.com/locate/foodchem
https://doi.org/10.1016/j.foodchem.2024.139773
https://doi.org/10.1016/j.foodchem.2024.139773
https://doi.org/10.1016/j.foodchem.2024.139773
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2024.139773&domain=pdf


Food Chemistry 455 (2024) 139773

2

Molecularly imprinted polymer (MIP) piezoelectric sensors have been 
designed to detect SB concentrations in soft drinks (Zyablov & Vu 
Hoang, 2022). Kretschmann-based surface plasmon resonance (SPR) 
sensor is used to detect SB (Maurya & Verma, 2023). However, the 
above method, although effective in detecting SB, has some limitations. 
For example, FPIA requires complex pre-treatment and cryopreservation 
at − 20 ◦C. The price and routine maintenance of HPLC are high, and the 
cost of analysis time and consumables is relatively high. The DLLME 
steps are more complicated. The wax-printed paper microchips used in 
the MCA system are susceptible to factors such as humidity, tempera-
ture, and light, which can affect the accuracy and stability of the 
piezoelectric sensors. Kretschmann-based SPR sensors are complex and 
require precious metal. 

Based on the current state of research, optic-fiber sensing technology 
has emerged in order to develop a simple to fabricate, selective, stable 
and highly sensitive sensor. This technology has been widely researched 
and applied in industrial, environmental, and medical fields because of 
its light weight, small size, corrosion resistance, and high resistance to 
electromagnetic interference and radiation (Liu, Li, Zhang, & Zhao, 
2021; P. Xiao et al., 2021). Currently, optic-fiber sensors have been 
implemented to sense temperature, magnetic field (Z. Hao, Pu, Lahoubi, 
Zhang, & Liu, 2023), pressure (J. Liu et al., 2022), pH (T. Liu, Wang, 
Ding, & Yi, 2019), heavy metal ions (Ma, Zheng, Zhang, Li, & Zhao, 
2021; Y. Long, Li, Wang, Yang, & Liu, 2022; S.H.K. Yap et al., 2018; 
Samavati et al., 2022), and biomolecules (Lobry et al., 2023; W. Zheng, 
Zhang, Li, Li, & Zhao, 2022; Zheng et al., 2020; Y. Ran et al., 2022). As a 
potential sensing device, tapered microfiber has the unique advantages 
of high sensitivity, fast response time, compact size, and convenient 
configurability, as well as a large accessible evanescent fields (W. Luo, 
Chen, & Xu, 2021). Methyl parathion imprinted nanoparticles are 
fabricated and combined with a biconical microfiber interferometer to 
enable fine sensing of methyl parathion (Shrivastav, Sharma, & Jha, 
2019). Polydopamine (PDA) is used as a molecularly imprinted material 
in combination with a microfiber interferometer to achieve the detec-
tion of C-responsive proteins (Liu et al., 2020). A highly sensitive optical 
sensor for the detection of urea is investigated, consisting of a microfiber 
interferometer integrated with an artificial MIP (Gorai & Jha, 2021). 
The molecular imprinting technique (MIT) in the above studies can 
generate template-shaped cavities with predetermined selectivity and 
high affinity in polymer matrices, which has been widely used in the 

field of sensing because of its good selectivity and stability (Chen, Xu, & 
Li, 2011). Based on the analysis of the above studies, combining MIT 
with tapered microfibers can bring into play their advantages suffi-
ciently to achieve efficient, highly sensitive and specific detection of 
specific target molecules. 

In this paper, a differential demodulation sensing system for the 
detection of sodium benzoate (SB) is designed by connecting a micro-
fiber interferometer and fiber Bragg gratings (FBGs) to improve the 
estimation accuracy of the interferometer spectral offset by monitoring 
the variation of the FBG power difference. Notably, this unique design 
not only ensures simplicity in fabrication but also simplifies the 
demodulation device for effectively reducing overall costs. The experi-
mental results show that the refractive index (RI) sensitivities of mi-
crofiber interferometer and FBG power difference are 1483 nm/RIU and 
7450 dB/RIU, respectively, and the cross-temperature response can be 
obtained as low as − 0.03 nm/◦C and 0.09 dB/◦C, respectively. Subse-
quent experimental analyses show that the sensing system has a signif-
icant response to SB in the range of 0.1–50 μg/ml in deionized water, 
with interference wavelength and FBG power difference sensitivities of 
0.55 nm/(μg/ml) and 2.64 dB/(μg/ml), respectively, and the limit of 
detection (LOD) is calculated to be 0.1 μg/ml. Then, the sensing system 
is used to detect SB in sprite, soy sauce, and salad dressing. The inves-
tigated sensing system has the advantages of high sensitivity, good 
stability and easy operation, which makes it suitable as a screening tool 
for homogeneous detection of SB in daily foods. 

2. Experimental section 

2.1. Regents and instruments 

Dopamine hydrochloride (DA) (98%), sodium benzoate (SB) (AR, 
99.5%), acrylamide (AM) (99%), N,N′-methylenebisacrylamide (BIS) 
(AR), ammonium persulphate (APS) (AR, 98.5%), benzoic acid (BZ) 
(GC, ≥99.9%), potassium sorbate (C6H7O2K) (≥99.0%), atrazine 
(C8H14ClN5) (97%), sulfanilic acid (C6H7NO3S) (AR,99.5%), 2-Chloro-2- 
phenylacetic acid (C8H7ClO2) (96%), acetic acid (AC) (AR, 99.5%), so-
dium salicylate (C7H5NaO3) (AR, 99.5%), tetramethylethylenediamine 
(TMEDA) (99%), sodium chloride (NaCl) (AR, 99.5%), phosphate buffer 
salinebuffer (PBS) (pH 7.2–7.4) and ethanol anhydrous (EtOH) (99.5%) 
are purchased from Shanghai Macklin Biochemical Technology Co., Ltd. 

Fig. 1. (a) Schematic of the experimental setup (b) Schematic of the structure of the microfiber interferometer with parameters (c) The transverse electric field 
amplitude distributions for HE11 and HE12 in the major interference modes. 
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(Shanghai, China). Tris-Hydrochloride Buffer (Tris-HCl) (pH 8.5) is 
bought from Aladdin Chemistry, Co., Ltd. (Shanghai, China). Sprite, soy 
sauce and salad dressing are purchased from supermarkets. Tris HCl 
buffer is used to dissolve DA. PBS buffer is used to dissolve AM and BIS, 
and deionized water (DI) is used to dissolve other reagents. 

The optical experimental equipment includes a broadband light 
source (ASE, mchlight MCASE-CL-13-T-2-1-FA-T1, China), two optical 
power meters (OPM, China), two Bragg gratings (FBG, China), an optical 
spectral analyzer (OSA, Anritsu MS9740A, Japan), an optical fiber 
fusion splicer (FITEL, S178A, Japan), and a digital refractometer 
(Reichert 13,940,000, USA). The macrostructure of the microfiber 
interferometer is observed by an optical microscope (Caikon 
DMM–200C, China). An electrical shift stage controller (Zolix MC600, 
China) is used to fabricate the microfiber interferometer. A PR analytical 
balance (Ohaus, PR124ZH/E, China) is used to weigh the reagents. A 
column oven (HT-330, China) is utilized to perform temperature ex-
periments. The equipments for the characterization experiments include 
a Fourier transform infrared spectrometer (FTIR, Thermo Nicolet iS5, 
USA), a scanning electron microscope (SEM, Zeiss Sigma300, Germany), 
and an energy spectrometer (EDS, Oxford Xplore30, Britain). 

2.2. Experimental setup 

As shown in Fig. 1 (a), the light source is emitted from the band ASE 
source (1528–1603 nm) with the power set to 10 dBm, passes through 
the microfiber interferometer to the port 1 of the circulator, and then 
passes through ports 2 and 3 of the optical circulator in order to reach 
the ports FBG1 and OPM2, respectively, and then passes through the 
other optical circulator, FBG2 and OPM2, and finally arrives at the OSA 
(600–1700 nm) with resolution 0.03 nm. The power changes of FBG1 
and FBG2 are recorded by OPM1 and OPM2, respectively, and the 
interference spectral changes are recorded by the OSA. 

2.3. Microfiber interferometer 

2.3.1. Fabrication of microfiber interferometer 
The fused biconical taper method is utilized to fabricate a microfiber 

interferometer. Firstly, an optical fiber fusion splicer is used to connect a 
middle section of photosensitive fiber in two sections of single-mode 
fiber. Then, the optical fiber is fixed with a fixture, and the photosen-
sitive optical fiber is burned with a butane flame for 10 s. Finally, the 

optical fiber is uniformly stretched by the fiber optic pulling machine to 
obtain a microfiber interferometer. In order to minimize the experi-
mental error, the stretching parameters are set to 2 mm/s for taper 
pulling speed, 5 mm/s2 for acceleration, 9 mm/s for maximum speed, 
and 18 mm for taper pulling distance for each time. Fig. 1 (b, top) shows 
the specific parameters of the microfiber interferometer, which possess a 
uniform area with a length of 12 mm and a diameter of 8 μm and conical 
transition areas with a length of 4 mm. The structure of the microfiber 
interferometer is observed with an optical microscope as shown in Fig. 1 
(b, bottom). 

2.3.2. Principle of microfiber interferometer 
Due to the special structure of the microfiber interferometer, when 

light passes through the first taper region, the diameter decreases, and 
the energy distribution of the fundamental mode cannot be changed fast 
enough, resulting in the leakage of the modes through the tapered re-
gion, while the energy loss of the fundamental mode is transformed into 
other higher-order modes with the same rotational symmetry (Bhard-
waj, Kishor, & Sharma, 2020; Yap et al., 2018). The fundamental and 
higher-order modes will be transmitted simultaneously in the uniform 
region until a second taper region is reached. As the diameter becomes 
larger, the fundamental and higher order modes are coupled together 
(Bhardwaj et al., 2020). The fundamental mode (HE11) and the first 
order higher-order mode (HE12) represent the dominant mode coupling 
in the microfiber interferometer, because of the weak and negligible 
coupling between the fundamental mode and the other modes (Yap 
et al., 2018). Fig. 1 (c) shows the transverse electric field distribution of 
the fundamental mode (HE11) and the higher-order mode (HE12). 
Because the significant difference in effective RI exists in the modes of 
the microfiber interferometer, an interference pattern will appear 
(Ahsani, Ahmed, Jun, & Bradley, 2019). The output intensity of the 
interference pattern can be expressed as (Ahsani et al., 2019; Bhardwaj 
et al., 2020; Sun et al., 2019): 

I = IC1 + IC2 +
̅̅̅̅̅̅̅̅̅̅̅̅
IC1IC2

√
cosΔφ (1)  

where IC1 and IC2 the intensities of the cladding and core modes, 
respectively. Δφ is the phase difference between the two modes, denoted 
as (L.P. Sun et al., 2019): 

Δφ =
2πΔneff Leff

λ
(2) 

Fig. 2. (a) Schematic diagram of the functional steps of MIP microfiber interferometer (b) Schematic diagram of the principle of synthesising polydopamine (c) 
Schematic diagram of the principle of synthesising polymer. 
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where Δneff is the difference between the fundamental mode and the 
high-order mode index, and Leff is the length of the tapered area. λ is the 
input wavelength. By taking the partial derivative of the external 
refractive index from the input wavelength λ and using the phase dif-
ference Δφ, the interferometer refractive index sensitivity can be 
expressed as (Ahsani et al., 2019; Huang et al., 2015; Sun et al., 2019): 

S =
dλ

dnmed
=

λ
Γ

(
1

Δneff
dΔneff
dnmed

)

(3)  

where Γ = 1 − λ
Δneff

dΔneff
dλ is the dispersion factor, which is usually 

negative value. dnmed is the RI variation of the surrounding medium. 
dΔneff
dnmed 

is the exponential change due to small RI changes in the sur-
rounding medium. From Eq. (3), the RI sensitivity S is mainly deter-
mined by λ, Γ, Δneff and dΔneff

dnmed 
together. However, the last three 

parameters are determined by the diameter of the microfiber interfer-
ometer (Sun et al., 2019). The smaller the diameter of the microfiber 
interferometer leads to a greater sensitivity because of the enhancement 
of the evanescent-field interaction and the reduction of the dispersion 
factor (Huang et al., 2015). The dip wavelength of the interference 
spectrum is red-shifted as the RI of the surrounding medium is increased 
(Sun, Fu, & Yang, 2020). 

2.4. MIP microfiber sensor 

2.4.1. Fabrication of MIP microfiber interferometer sensor 
There are four steps to make the MIP microfiber interferometer 

sensor, as shown in Fig. 2 (a). In the first step, the microfiber interfer-
ometer is obtained by fused biconical taper method. In the second step, 
the microfiber immerses in the polydopamine (PDA) solution for 45 min 
to in-situ growth form a uniform PDA layer with super-adhesive prop-
erties on the microfiber surface. The initial PDA solution is prepared as 
follows: take 4 mg of DA, dissolve it in 2 ml of Tris-HCl to obtain a 2 mg/ 
ml DA solution, and stir it for 5 min at room temperature, and the so-
lution gradually turn into a gray color, which is successfully configured. 
In the third step, the microfiber with PDA coating on the surface is 

immersed in the polymeric solution for 20 min to allow the polymer 
layer to adhere to the surface of the PDA layer. The polymeric solution is 
prepared as follows: 0.5 g of template molecule SB is dissolved in 5 ml of 
DI. Then, 2 g of functional monomer AM and 0.1 g of cross-linker BIS are 
dissolved in 25 ml of PBS. Finally, 1 ml of the SB solution is mixed with 2 
ml of AM/BIS solution, which dilutes to 10 ml with PBS solution. The 
ratio between the template molecule SB and the functional monomer 
AM is 10/3 mol. Then 0.25 μl of the catalyst TEMED and 0.02 g of the 
reaction initiator APS are added. The solution is stirred for 5 min at room 
temperature and allow to stand for 1 h to obtain the final polymeric 
solution. In the fourth step, microfibers with polymer and PDA on the 
surface are immersed in the elution solution for 5 min to remove the 
template molecule SB. The MIP microfiber sensor is washed with DI and 
dry for 30 min. The elution solution is obtained by mixing 9 ml of EtOH 
and 1 ml of AcOH. 

2.4.2. Principle of MIP microfiber sensor 
Dopamine is a small biological molecule structurally containing 

amine and catechol functional groups (Wang et al., 2014), which in can 
spontaneously form PDA by oxidative polymerization in alkaline solu-
tions (pH > 7.5) (Hong et al., 2012). The polymerization process is 
shown in Fig. 2 (b), where dopamine is firstly oxidized to 5,6-dihydrox-
yindole (DHI) in Tris-HCl (pH 8.5), and then PDA is formed by non- 
covalent self-assembly and covalent polymerization (Hong et al., 
2012). The reason why PDA have excellent adhesion is that it contain 
catecholamines, which can form covalent or non-covalent bonds 
(hydrogen bonds, π-π stacking forces) with the surface of the substrate 
material (Faure et al., 2013). The amino group contain in the polymer 
can be covalently coupled with the PDA active group, which makes the 
polymer firmly attach to the microfiber surface (Sabbagh & Muhamad, 
2017; Sherwood, Xu, Lovas, Qin, & Bao, 2017; Wu et al., 2021; Yuan 
et al., 2017). 

As shown in Fig. 2 (c), the template molecule SB, the monomer AM 
and the cross-linker BIS form stable polymers through non-covalent 
bonding interactions (hydrogen bonding, electrostatic attraction and 
weak interactions) under the initiation and catalysis of APS and TEMED 
(Verma & Gupta, 2013). Removal of the template molecule SB results in 

Fig. 3. (a) Interference spectra of three microfiber interferometers (top left), magnified view of the RI response of the interference wave (top right), Power variation 
of two FBGs (bottom left), RI response of the FBG power difference and the interference wavelength (bottom right) (b) Temperature response of two FBG wavelengths 
(top), Temperature response of the FBG power difference and the interference wavelength (bottom). 
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Fig. 4. (a) The spectrum of microfiber interferometer and FBGs for 45 min of immersion in polydopamine solution (top), The variation diagram of interference 
wavelength and FBG power difference (bottom) (b) Summary histogram of the detection response of MIP microfiber sensing probe for SB under different immersing 
times of polymeric solution (top), change of interference wavelength and FBG power difference over immersing time of 20 min (bottom) (c) Summary histogram of 
the detection response of the MIP microfiber sensing probe for SB under different removal times of the template (top), change of the interference wavelength before 
and after removing the template of 5 min (bottom) (d) Changes in wavelength shift (top) and FBG power difference (bottom) obtained from the spectra of MIP 
microfiber sensing probe recorded in DI. 
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the formation of specific binding sites on the polymer that are comple-
mentary in shape and size to the detectable substance (SB) (Chen et al., 
2011). When SB is encountered again, the binding sites bind to it again 
by non-covalent bonding (Verma & Gupta, 2013). This results in an 
increase in the refractive index of the sensor surface. 

3. Results and discussion 

3.1. The performance of microfiber interferometer 

The refractive index and temperature response of the microfiber 
interferometer are studied. Firstly, the RI solutions are prepared by 
dissolving NaCl in DI and then measured with a digital refractometer to 
produce solutions with refractive indices ranging from 1.3393 to 
1.3427. As shown in Fig. 3 (a, top left), the spectra of three fabricated 
microfiber interferometers can be observed. For the RI experiment, the 
different RI solutions are dropped onto the surface of the microfiber 
interferometer, and the results are shown in Fig. 3 (a, top right). The 
higher the RI, the greater the red-shift of the interference wave, which 
leads to an increase in the peak power of FBG1 and a decrease in the 
peak power of FBG2. The peak power of the two FBGs are recorded by 
two optical power meters respectively, and their trends are shown in 
Fig. 3 (a, bottom left). Fig. 3 (a, bottom right) shows the interference 
wavelength RI sensitivity of 1483.54 nm/RIU and the FBG power dif-
ference RI sensitivity of 7450.34 dB/RIU. By detecting the variation of 
the FBG power difference, the estimation accuracy of the total spectral 
offset can be improved. A temperature experiment is conducted using a 
column oven, with a temperature setting of 30–80 ◦C. As the tempera-
ture increases, the interference wave undergoes a blue shift and the FBG 
wavelength undergoes a slight red shift, as shown in Fig. 3 (b, top). The 
temperature sensitivity is 0.009 nm/◦C for both FBGs. Fig. 3 (b, bottom) 
shows the trend of the interference wave and the FBG power difference 
with temperature, with sensitivities of − 0.03 nm/◦C and 0.09 dB/◦C, 
respectively. 

3.2. Experimental results of the modification process 

Fig. 4 (a, top) shows the variation of spectrum by immersing the 

microfiber interferometer in PDA solution for 45 min, and the gradual 
deposition of PDA causes the RI of the microfiber surface to become 
larger, which results in a wavelength red-shift of 8 nm and an increase of 
11 dB in FBG power difference, as shown in Fig. 4 (a, bottom). 

In order to obtain the best sensor sensitivity, the immersion time into 
the polymeric solution and the removal of the template are analyzed and 
optimised. The microfiber interferometers are immersed in the poly-
meric solution for 20 min, 30 min and 60 min, and the time for removing 
the template is kept as 5 min, and then the modified sensors are used to 
detect different concentrations of SB solution. Fig. 4 (b, top) shows that 
when immersing in the polymer solution for 20 min, 30 min, and 60 min, 
the FBG power difference changes by 15 dB, 8.5 dB, and 6.2 dB, 
respectively. If the immersion time of the polymeric solution is too short, 
too little polymer may be attached to the polydopamine layer, resulting 
in insufficient specific binding sites. When the immersion time of the 
polymeric solution is too long, it may cause the polymer layer on the 
microfiber surface to be too thick, which is not conducive a lower 
refractive index sensitivity, resulting in larger spectral losses. Therefore, 
the optimum time for immersion of the polymeric solution is finally 
chosen to be 20 min. As shown in Fig. 4 (b, bottom), the wavelength red- 
shift is about 1.5 nm and the FBG power difference is increased by about 
3.5 dB within immersing 20 min in the polymeric solution. 

Next, under maintaining the immersion time of 20 min in the poly-
meric solution, the removal times of the template are 2 min, 5 min, and 
8 min respectively. These modified sensors are used to detect different 
concentrations of the SB solution. Fig. 4 (c, top) shows a FBG power 
difference of 10 dB for 2 min, 15 dB for 5 min and 5.5 dB for 8 min. When 
the remove template time is too short, it may result in template mole-
cules in the polymer not being completely removed for leading to 
insufficient specific binding sites. When the remove template time for 
too long, it may result in washing away part of the microfiber surface 
PDA layer. As shown in Fig. 4 (c, bottom), there is a significant blue-shift 
in the interference wavelength after removing template molecules. 
Therefore, a final time of 20 min for immersion into the polymeric so-
lution and 5 min for removal of template molecules is chosen. 

The stability of this MIP microfiber sensing probe is verified by 
repeating the experiment three times to record the spectra of the MIP 
microfiber sensing probe in DI under the same steps and conditions to 

Fig. 5. (a) Interference spectral wavelength response of SB concentration detected by MIP microfiber sensing probe, corresponding to the displacement of the 
interference and grating spectrum (b) Interference wavelength and FBG power difference response of MIP microfiber sensing probe detecting SB concentration in the 
range of 0.1–50 μg/ml (c) Linear fitting plot of wavelength shift and FBG power difference. 
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obtain the interferometric wavelength shifts and FBG power difference 
variations within the error range. As shown in Fig. 4 (d), it can be 
observed that the interference wavelength and the FBG power difference 
are basically stable with error fluctuations of 0.05 nm and 0.1 dB, 
respectively. Therefore, the fabricated MIP microfiber sensor is suc-
cessful and can be used for further experiments. 

3.3. Detection of sodium benzoate in DI 

Firstly, SB powder is dissolved in DI to obtain SB solutions at con-
centrations of 0.1, 0.25, 0.5, 1, 4, 8, 15, 20, 25, 40, and 50 μg/ml. Then, 
it is detected sequentially from the lowest to the highest concentration 
using a MIP microfiber sensing probe. The blue area in Fig. 5 (a, top) 
indicates the shift in wavelength with increasing SB concentration. The 
macroscopic shift of the corresponding interference and grating spec-
trum is represented in Fig. 5 (a, bottom), where it can be seen that the 
interference spectrum shift in the direction of longer wavelengths. This 
is due to the fact that as the concentration of the SB solution increases, 
more and more numbers of SB molecules are bound by the specific 
binding sites, resulting in a larger refractive index on the fiber surface. 
Under the same experimental steps and conditions, the repeated ex-
periments are conducted, and the trends of FBG power difference and 
wavelength of microfiber interferometer obtained by error analysis are 
shown in Fig. 5 (b). Upon reaching a detection concentration of up to 50 
μg/ml, the wavelength undergoes a red-shift of approximately 4 nm, 
while the FBG power difference concurrently increases by about 14 dB. 
A fitting to the detection range spanning 0.1–1 μg/ml yields sensitivities 
of 0.55 nm/(μg/ml) for the wavelength shift and 2.64 dB/(μg/ml) for the 
FBG power difference. A linear relationship between wavelength shift 
and FBG power difference can be obtained from Fig. 5 (c), so the ac-
curacy of wavelength estimation can be improved by calculating the 
FBG power difference. The limit of detection (LOD) be estimated as LOD 
= 3δ/S, where δ is the grating standard deviation of 0.1 dB in the sta-
bility experiments and S is the sensitivity of the FBG power difference 
(Sun et al., 2020). The LOD is calculated to be 0.1 μg/ml. 

3.4. Specific and stability detection 

In order to validate the specificity of the MIP microfiber sensor, we 
performed three assays for several different substances (sodium benzo-
ate, potassium benzoate, sodium salicylate, 2-chloro-2-phenylacetic 
acid, potassium sorbate, atrazine, and p-aminobenzenesulphonic acid) 
in the concentration range of 0–50 μg/ml. In Fig. 6 (left), the 

interference wavelengths are shown to be red-shifted by 4 nm, 1.3 nm, 
1.2 nm, 0.8 nm, 0.9 nm, 0.6 nm and 0.4 nm, respectively. Fig. 6 (right) 
shows that the FBG power difference varied by 14 dB, 2.5 dB, 4.2 dB, 3.5 
dB, 3.5 dB, 3.5 dB and 1.8 dB, respectively. To further investigate the 
specificity of the MIP microfiber sensor, the selectivity calculations for 
the imprinted molecule and competing molecules are carried out. k 
(selectivity coefficient) is calculated by the following equation k =

ΔRtemplate/ΔRcompetitor, where ΔRtemplate is the amount of change in FBG 
power difference for detecting the template molecule sodium benzoate 
and ΔRcompetitor is the amount of change in FBG power difference for 
detecting the competing molecule (Chen, Xie, & Shi, 2013; Çimen, 
Bereli, & Denizli, 2021; Ҫimen, Bereli, Günaydın, & Denizli, 2022). As 
shown in Table 1, the selectivity of the MIP microfiber sensor for sodium 
benzoate is 3.33, 5.60, 4, 3.68, 4 and 7.78 times higher than that of 
sodium salicylate, potassium benzoate, 2-chloro-2-phenylacetic acid, 
potassium sorbate, atrazine and p-aminobenzenesulfonic acid, respec-
tively. It can be obtained that the response of the MIP microfiber sensor 
to SB is much larger than that of other substances, indicating that this 
sensor has a better specific recognition effect on SB. 

In order to assess the stability of MIP microfiber sensors, the stability 
tests are carried out to monitor the stability and sensitivity of the 
manufactured MIP microfiber sensors over a long period of time. Mea-
surements are taken over three different time periods: initially day 1, 
then day 5, and finally day 10, verifying the long-term performance 
under standard environmental conditions. Fig. 7 (a, top) shows the 
change in interference wavelength and FBG power difference after 200 s 
of immersion in DI for a sensor left at room temperature for one day. 
Fig. 7 (a, bottom) shows the fitted curves of interference wavelength and 
FBG power difference with concentration. Fig. 7 (b and c) shows the 
stability verification on day 5 and day 10, respectively. From the 
experimental data, it can be seen that the stability of the water washout 
of the sensing probe placed for different times remained basically the 
same (0.025 nm (day 1), 0.01 nm (day 5), and 0.025 nm (day 10)), and 

Fig. 6. Specific characteristics of the MIP microfiber sensor.  

Table 1 
Selectivity coefficients of competing molecules in MIP microfiber sensors.  

Analyte ΔR k 

sodium benzoate 14 dB – 
sodium salicylate 4.2 dB 3.33 
2-chloro-2-phenylacetic acid 3.5 dB 4.00 
potassium sorbate 3.8 dB 3.68 
atrazine 3.5 dB 4.00 
p-aminobenzenesulfonic acid 1.8 dB 7.78  
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the sensitivity of the interferometric wavelength shifts in the range of 
0.1–1 μg/ml are 0.68 nm/(μg/ml) (day 1), 0.63 nm/(μg/ml) (day 5), 
0.57 nm/(μg/ml) (day 10), and the FBG power difference sensitivities 
are 2.73 dB/(μg/ml) (day 1), 1.88 dB/(μg/ml) (day 5), and 2.02 dB/(μg/ 
ml) (day 10), respectively. The experimental results show that the pro-
posed MIP microfiber sensors have excellent stability. The sensor per-
formance also can maintain the remarkable consistency when placed at 
room temperature conditions for 10 days. 

3.5. Actual detection 

To investigate the practical effectiveness of the MIP microfiber 
sensor, several foods (sprite, soy sauce, and salad dressing) each con-
taining SB as an additive in their formulations are tested. The food 
samples are dissolved in DI and subjected to filtration. Subsequently, DI 
is added to prepare a 50 μg/ml stock solution. The solution is then 
further diluted with DI to give a series of gradient solutions at concen-
trations of 40, 30, 25, 20, 8, 4, 1, 0.5, 0.25 and 0.1 μg/ml, which are 
detected sequentially from the lowest to the highest concentration using 
the MIP microfiber sensor. Under the same experimental steps and 
conditions, some repetitions of the experiment are performed and error 
analyses are performed to obtain the trend of wavelength shift and FBG 
power difference. Fig. 8 (a) shows the spectrums of detecting SB in 
sprite, soy sauce, and salad dressing solutions from top to bottom. As the 
SB content increases, the interference spectrum undergoes a red-shift. 
From Fig. 8 (b), it can be seen that the interference wave are red- 
shifted by 3.5 nm, 3.5 nm and 3 nm in sprite, soy sauce and salad 
dressing, respectively, and the wavelength sensitivities in the fitted 

concentration range of 0.1–1 μg/ml are 0.66 nm/(μg/ml), 0.6 nm/(μg/ 
ml) and 0.79 nm/(μg/ml), respectively. Fig. 8 (c) shows the variation of 
FBG power difference for the detection of SB in sprite, soy sauce and 
salad dressing solutions from top to bottom, which shows that the FBG 
power difference increases by 9.7 dB, 7.7 dB and 8 dB, respectively. The 
fitted FBG power difference sensitivities in the concentration range of 
0.1–1 μg/ml are 1.92 dB/(μg/ml), 1.49 dB/(μg/ml) and 1.8 dB/(μg/ml), 
respectively. Fig. 8 (d) shows the linear fitting plots of wavelength shift 
and FBG power difference for sprite, soy sauce and salad dressing so-
lutions from top to bottom, which can be obtained that there is a linear 
relationship between wavelength offset and FBG power difference, thus 
the method of improving the accuracy of wavelength estimation by FBG 
power difference is feasible. The experimental results show that the 
sensing system could be used to detect SB in daily food. 

3.6. MIP microfiber sensors characterization 

In order to verify feasibility and efficiency of this MIP sensing 
technology for successfully detecting SB, we analyse the FTIR spectrum 
on slides coated with PDA, PDA/Polymer, remove template and detected 
SB. As shown in Fig. 9 (a), the black line is the FTIR spectrum of PDA, 
and the absorption peaks near 3179 cm− 1 in the black line are caused by 
O–H and N–H stretching vibrations (Yao et al., 2019), and the ab-
sorption peak near 2941 cm− 1 is a C–H stretching vibration. The red 
line is the FTIR spectrum of PDA/polymer, and the increase in absorp-
tion intensity near 2941 cm− 1 in the red line indicates the increase of 
C–H stretching vibration (Su et al., 2022), while the N–H bending 
vibration decays from 1629 cm− 1 (black line) to 1627 cm− 1 (red line), 

Fig. 7. (a) Stability detection of sensors placed at room temperature for 1 day (b) Stability detection of sensors placed at room temperature placed for 5 day (c) 
Stability detection of sensors placed at room temperature for 10 day. 
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which can indicate that the polymer has successfully adhered to the 
surface of the PDA (Su et al., 2022; Yao et al., 2019). The carboxylate 
anion of the SB vibrations stretch asymmetrically at 1550 cm− 1 (red 
line) indicating both the successful attachment of the polymer to the 
PDA surface and the presence of the template molecule SB on the 
polymer surface (Kumar, Thomas, Tokas, & Kshirsagar, 2014). The blue 
line is the FTIR spectrum of the remove template, and the absorption 

intensity at 1550 cm− 1 in the blue line becomes smaller, indicating that 
the template molecule SB has been removed. The green line is the FTIR 
spectrum after the detection of SB, and an increase in absorption in-
tensity at 1551 cm− 1 is observed (green line), indicating that SB has 
been recaptured. 

Fig. 9 (b) shows the results of elemental analysis and the inset shows 
the SEM image of the fiber with functional layers, where it can be 

Fig. 8. (a) Interference spectral shifts for the actual detection of sprite, soy sauce and salad dressing (b) Interference wavelength response for the detection of SB 
concentration in the range of 0.1–50 μg/ml (c) FBG power difference response for the detection of SB concentration in the range of 0.1–50 μg/ml (d) Linear fit plot of 
wavelength shift and FBG power difference. 

Fig. 9. (a) FTIR spectrum of PDA, PDA/Polymer, removal template and after detection of SB (b) EDS analysis of fiber surface after detection of SB (inset shows SEM 
characterization and mapping analysis of fiber surface). 
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observed that a homogeneous sensing film is formed on the surface of 
the fiber. The mapping analysis shows the elements of C, O, Si, N and Na, 
respectively. O and Si are the constituent elements of the fiber material. 
The uniform distribution of the C and N elements indicates that the PDA 
and the polymer have been successfully attached to the fiber surface 
(Sureshkumar & Lee, 2011; Guo et al., 2019), and the uniform distri-
bution of the Na element indicates that the fabricated sensor is able to 
successfully capture the SB. 

Table 2 shows the comparison of this work with some popular 
methods currently used to detect SB concentration. In contrast, this 
proposed sensing system is not only simple and less expensive to fabri-
cate, but also achieves more accurate detection of SB concentration in 
the low concentration range by detecting the interference wavelength 
drift and FBG power difference. The use of two Bragg gratings as a dif-
ferential demodulation system simplifies demodulation equipment and 
reduces costs. 

4. Conclusion 

In this work, a differential demodulation system for the detection of 
sodium benzoate (SB) is fabricated by using a tapered fiber interfer-
ometer with molecularly imprinted polymer (MIP) film and two Bragg 
gratings, which simplifies demodulation equipment and reduces costs. 
The MIP coating captures the SB to cause a change in the refractive index 
of the fiber surface, which can be monitored by the interference wave-
length drift and the FBG power difference. The RI sensitivity and cross- 
temperature response of the microfiber interferometer are 1483 nm/RIU 
and − 0.03 nm/◦C, respectively. The RI sensitivity and cross- 
temperature response of the FBG power differential are 7450 dB/RIU 
and 0.09 dB/◦C, respectively. The sensing system is able to effectively 
detect SB in the concentration range of 0.1–50 μg/ml, and the sensi-
tivities of interference wavelength and FBG power difference are 0.55 
nm/(μg/ml) and 2.64 dB/(μg/ml), respectively, in the low concentration 
range of 0.1–1 μg/ml, with a limit of detection (LOD) of 0.1 μg/ml. The 
experimental results show that the system can be used for the determi-
nation of SB in sprite, soy sauce and salad dressing. This sensing system 
is simple, low-cost, stable and sensitive, and has a very wide application 
potential in the field of food safety. 
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